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MATHEMATICAL EXAMINATION PAPERS 



FOR ADMISSION I 



l&ogal ^tlitarp JLcaliemg, SBooItotch, 
June, 1891. 

OBUGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI.). 

[Ortiinaty aibrcviations may be employed ; but lie mtlkod of proof mbst 
be geemttrical. Proofs other than Muclid's must noi violate Ettclid'i 
sequence of propostiions. Great importance will be attached Is aecuracy. ] 

1. Draw a straight line perpendicular to a g^ven straight line of an 
onlimited length, from a given point without it. 

2. Describe a parallelc^nm which shall be equal to a given triangle, 
and have one of its angles equal to a given rectilineal angle. 

3. On the perpendicular AD of an eqnilateral triangle ABC another 
equilateral triangle £A D is described ; show that its perpendicular EF is 
one-fourth of the perimeter of the triangle ABC, 

— ^- Enunciate that proposition in Euclid's second book which is ei- 
(_pressed directly in algebraic symbols by the formula (M + Jji+o' = (« + *)', 
and give the construction by which the proposition is proved, 

W. P. I N 
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IVOOLWICfi ENTRANCE EXAMINATION. 

5. In anj triangle the sqmtie on tbe tide EUblendiog an acute angle is 
less than the squaies on the sides containing that angle by twice the 
rectangle contained by either of those sides, and the stiaight line intercepted 
between the perpendicular let &II on it fironi the opposite angle and the 

A, S are two given points, and C£l a given straight line ; in CD find a 
point P such that the difference between the squwe* on AP, BP ahall be 
equal to twice the square on AB. 

6. Make a square equal in area (o a given equilateral triangle. 

7. Draw a tangent to a given circle from a girea point outside it. 

8. The oppodte angles of any quadrilateral figure inscribed in a circle 
are together eqnal to two r^ht angles. 

If the oppowte aides of such a qtiadriUleral be produced to meet in P 
and Q, and about Ibe triangles so foimed oatside the quadrilateral circles 
be described intersecting agaiji in Jf, show that P, H, Q will be in one 
straight line. 

9. Describe a circle which shall touch one side of a given triangle and 
the other two sides produced. 

10. Describe an isosceles triangle having each angle at the base double 
of che vertical angle. 

Construct a quadrilateral whose angles, taken in order, are in the 
propoition 1:2:3:4, and whose longest ude is double of that opposite 
toil. 

11. If the vertical angle of a triangle be bisected by a straight line 
which cuts the base, the segments of the base shall have (he same ratio 
which the other sides of the triangle have to one another. 

The angle /( of a triangle ABC is bisected by AD, which cuts the base 
at Z), and (? is the middle point af BC; show that 0/7 bears the same ratio 
to OB that the difference of the sides bears to their sum. 

IX. Jn any right-angled triangle, aoy rectilineal figure described on 
the ride subtendbg the right angle is equal to the similar and similarly- 
described figures on the sides containing the right angle. 
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OBLIGATORY. ALGEBRA. 



II. ALGEBRA. 



(Up to and including the Binomial Theorem, the theory and lue of 

Lt^Harithms.) 

[N.B, — Grait imfioriatut will bt attached la accunuy.] 
I. Prove that 

(+r-l)'+(w-3l»+6(+r-l)(W-3Hj«-a) = 8(K-»)'i 
and divide 

U-Il« + (j'-I)*+i by (,-i)*+(4--i)»+I. 

3. Simplify 

and resolve into lactors each of the eipremions 

*'-2&r+i68 and x^+j^jfl+y*. 

3. Show that the sum of the squares of 5 consecutive nnmbert is 
dirisibte by 5. 

4. Find the highest oomnon &ctor of 

4J:*+7J(* + l6 and 4jr'+ Ifct^+^i:'- 16. 

5. Solve the equations 

p6^_3^^ 

9 as 

3 S 

6. Transform 5363433 from the septenary scale to the denary. 
Multifdy together the two numbers 4535 and 346 in the septeaary scale. 
7 S<dve the equations 

(i t ■" * - * ' . 

fx>-:ry+y' = 4, 
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WOOLWICH ENTRANCE EXAMINATION. 

S. A courtyard, containing 1 300 square feet, is paved with JO stones 
of one size and 195 of another. If to stones of the first siie and 7 of the 
second make leather 100 square feel, find the size of each stone. 

9- By Mathematical Indnctian, 
(u) prove the fonnuta foe the stunini 
(il.) show that the series 

(i"+iT)+(3»+i'')+(3'+3^+etc(to^ 



Define Harmomcal Progrtssion ; and place two terms at each end of the 
H.P. IS, ao, 30. 

11. Find for what value of r the number of combinations of im ihii^s 
taken r at a time is greatest. 

Show Chat there are tno tenns in the expansion of ( i - f ) ~ > greater than 
all the others, when x = ^. 

12. When the logarithms of two adjacent numbers aie known, explain 
how to determine the Ic^arithm of a number Ijdng beticeen them. 

Fmd the tenth root of 4325626. 

If /35627. igs.^d. be pUced at compound interest at the rate of 3I per 
cent, per annum, what will be the amount at the end of 30 years ? 
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OBLIGATORY. PLANE TJtlGONOMETRY. [Jime,1891 

III. PLANE TRIGONOMETRY AND MENSURATION. 

[Inclading (he Solution of Triaogles.) 

[N.B. — Grtat imptrtanci will be altacktd le acatracy.'\ 

I. The tangent of an angle U 1'4. Find the values of the cosecant of 
theangle.thecosecantof the complement of half the angle, and the cosecant 
of the supplement of double the angle. 

3. Establish the identities — 
(i.) (cosec/* + sec^)*-(cos^ + Bin-J}' 

-(cot^cosec/J + un.Jsec^)(Gin.4 + cos.4Hi + sin/4cos^). 



*. '^.» 


'-*,iS- 


3. Simplify 
and prove that 


cos(»-a),J-cos»^. 
sin«^-sin(«-2M' 




4taD-li-tan-M. = ^- 


4. Prove that 




V?+^ 


ifl + tan»fls/i+cotS + cot¥-secScosec« = i. 


5. In a plane triangle show that the sines of the angles i 
another as the opposite sides. 


Show that 




ocos^co 


«j^un4(5-C)+*cos^coszffBin4(C-^) 




+ fcosCcoBiCsin4M-^): 



G. In the ambiguous case in the solation of plane triangles, if a and b 
are the two given sides a<.b, A the given angle, and C,, C, the two values 
of the angles opposite the third nde, prove that 

taking the smaller of the two values of B. 
5 
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WOOLWICH ENTRANCE EXAMINATION. 

7. Id any triangle ABC, if r, r„, r^, re, are the radii of the inscribed 
and of the three escribed circles respectively, and /„ /j, pt, the perpen- 
diculars from the angles on Che sides a, i, c, prove that 



and if (he points where the perpendiculars meet the sides be joined, the 
perimeter of the triangle so formed is 2a sin £ sin C. 

S. Find Che values of the angle C in the triangle ABC from the 
following data : 

i = 785, i;=io83, ^ = 37° "' 45°. 
9- Adapt to logarithmic compntaCion the expression 
( j:+ ^ ^)i + (j- - v/]?^)!. 

10. A railway tannel consists of a hollow semi'CylindricaJ top, termin- 
ated below in a trough with slanting sides and flat base. The radius of the 
former being 13 feet, the base and hei^^t of the latter being so and 18 feet 
respectively, and the length of the tunnel 1300 yards, find the cost of facing 
the sides and toof with brick at u. 6d. per square foot {r = V)- 

11. Within a hollow sphere of i foot radius is placed a right prism, Che 
ends of which are equilateral triangles. The side of one of these being 
I foot in length, and the surface of Che sphere being in contact with all the 
six angular points of the prism, find in cubic inches the volume of the latter. 
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OBLIGATOSy. STATICS AND DYNAMICS. [June, 1891 



IV. STATICS AND DYNAMICS. 

1. Eaundate and ptov« the " Triangle of Forces." 

A small heav]' ring, which can slide freely npon a smooth thin rod, is 
attached to the end of the cod by a Sne string. If the rod be held m any 
podtioD inclined to the vertical, draw a triangle representing the forces 
acting npon the rii^. 

2. A rectangular box, containing a ball of weight W, stands on a 
horizontal table, and is tilted aboat one of its bvrer edges through an angle 
of 30°. Find the pressures between the ball and the box. 

3. State the conditions of equilibrium of three parallel forces acting 
npon a rigid body. 

A rod ABC, 16 inches long, rests in a horizontal position upon two 
supports at A and B one foot apart, and it is found that the least upward 
and downward forces applied at C which would move the rod are 4 oz. and 
5 at. respectively. Find the weight of the rod and ihe position of its centre 
of gravity, 

4. Show how lo find the centre of gravity of a body composed of two 
parts whose weights and centres of gravity are known. 

A solid figure is formed of an upright triangular prism surmounted by a 
I^ramid ; if the length of every edge of this figure be a feet, find the height 
of its centre of gravity above the base. 



5. Show that the algebraical sum of the moments of two forces (nhose 
lines of action intersect) about any point in the plane containing the forces 
is equal to the moment of their reiutlanL 

OA, OB are chords, 4 and 5 inches in length, of a circular disk OACB, 
whose diameter 00 b 6 inches. If forces of 3 and 4 lbs. act from along 
these chords respectively, (ind how the disk will bqpn to move, the point C 
being fixed. 

ft. Describe, and show how to graduate, (he Danish Steelyard, 

7. Explain how the measure of (he velocity of a moving point depends 
upon the units of space and time. 

If the unit of time be half a minate and the nnit of length be 2 yards, 
what will be the measure of the velocity of a body which describes, at a 
nniform rate, 14 miles in 3 hoars ? 
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WOOLWICH EtfTRANCB EXAMINATION. 

8. Investigate tb« fonnula s = ^^ For the space described from rest by 
a particle Eobject to uniform acceleration /, and hence dedace a corre- 
sponding expression In the case wliere the particle has an bitial velocity h. 

A particle is observed to describe 7 feet in 3 seconds, and 13 feet in the 
next 3 seconds ; End its acceleration. 

9. The side BC of a triapgle ABC is vertical ; show that, if the times 
of blling down the two sides BA, AC be equal, the triangle must be 
isosceles or right angled. 

la Distinguish, with examples, between the velume, mass, and weight 
of a body, and find the relation between the units of mass and we^t in 
order that IV may be eqaal to Mg. 

If the measores of the mass and weight be the same, and the unit of 
lei^h be a feet, find the unit of lime. 

II. If a force of 15 poundals act upon a mass of 13 pounds, what 
velodty will it generate in S seconds ? 

13. A particle is projected in any manner in a vertical plane, show how 
to find its position at the end of a given time. , 

A stone is thrown from the top of a tower with a velodtjr of 50 feet a 
second in a direction making an angle of 30° with the horizon. Find the 
distance of the stone from the point of projection at the end of 5 seconds. 
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FURTHER EXAMINATION. MATHEMATICS. [Jnne.lMl 



FURTHER EXAMINATION. 



V. MATHEMATICS (l). 

'mil murks may bt oblained fir abtvt three-fourths ef tkit paptr. CrCOt 
imfortantt is attached to atearaey.} 

I. Define a "copic sectioi)," and show that a straight line gmerally 
Its a conic section in two points. 
Enumeiate carefiilly all the coses of exception. 



If one dde of an equilateral triangle be a focal radius SPof% parabola, 
and another «de lie along the axis, show that Ibe third side will be either 
the tangent or the normal at P, and find in each case the length of SP. 

3. Prove that, in anj central conic, the square on the ordinate PN 
bears a constant ratio to the rectangle under Ibe abscissae AJif, A'N. 

PNP' is a double ordinate of an equilateral hyperbola whose transverse 
a,xis is AA'. Prove that the directions of AP, A'P' are perpendicular to 
one another. 

4. If from any point two straight lines be drawn, OPQ, OP'Q', 
intersecting an ellipse in /*, Q; I", Q, show that the rectangles OF. OQ, 
OP' . OQ" are to one another as the squares of the diameters parallel to 
PQ, p-q respectively. 

If an ellipse, inscribed in a triangle, touch one side in its middle point, 
prove thnt the straight line joining that point with the opposite angle of 
the triangle will pass through the centre of the ellipse. 
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WOOLWICH ENTRANCE EXAMINATION. 

5. If from any point /* on a hyperbola a strajgh't line, drawn in a 
given direction, meet the two asymptotes in R, K respectively, prove that 
the rectangle RP. PR is constant. 

Hence show that a straight line touching the hyperbola, and terminated 

by [he asymptotes, is bisected at the point of contact 

6. If a right coi 
stniction the position 

Show that sections made by parallel planes have tlie same eccentricity. 

7. Given the coordinates of two points, P, Q, find the coordinates of 
the point in which the straight line PQ is divided in a given ratio. 

Apply your results to show that the straight line joining the middle 
points of the diagonals of a quadrilateral, and the straight line joining the 
middle points of either pair of opposite sides, bisect each other. 

8. Find the angle between the stra^ht lines whose equations, referred 
to rectangular axes, are 

lx-^rmy-^c = a, ex+m'y-i-^ = 0. 
OACB is a parallelogram, whose ^dcs OA, OB axt of lengths a, i, and 
make angles a, p respectively with the axis Ox. Write down the equations 
of the two diagonals OC, AB, and show that the tangent of the angle 
between (hem is 

aO-i^ 

9. Prove that the equation of any tangent to (he circle ^c' +)^ = f* 
may be written in the form 

Prove also that (he locus of (be foot of the perpendicular let fall upon 
(be tangen(, from the point in which the drde cuts the positive direction of 
the axis of j*, is the curve whose equatbn is 

10. Show that the equation of the normal to the parabola }^ = ^ax, 
which is inclined at an angle S to the axis, may be written in the form 

y = ix-a-ase<?e)tsine. 
If a chord of a parabola, whose inclination to the axis is (an'^Vl, be 
normal to the curve at one end, show that it will subtend a tight angle 
at the vertex. 
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FURTHER EXAMINATION. MATHEMATICS. [Jmw, 1891 

1 1. lavcst^ate the equadoD of the poki of any point with respect to 
a given ellipse or bjiperboU. 

An ellipse and a hyperbola have the same principal axes. Show that 
the polar of a point on either cunre with reaped to the other [ouches the 
Erst curve. 

12. Write down the equations of the latera recta of the conic whose 
polar equation is 

■^ = l-<cose. 

Also show tliat if r^, r^ r, be the lengths of three focal radii, each of 
which is equally inclined to the other two, 



VI. MATHEMATICS (a). 

[ Fidl marks may bt ohtnmd fur ahoul three-fourths of this paptr. Great 
important is altaclud It acairiuy.'] 

1. If ii' + **+i:* = yxic, where a, i, c are finite, show that any one of 
the three quantities 

c?-b<, ^-a, fi-ab, 
is a mean proportional between the other two. 

2. Find the coefficient of j^ in the expansion of 

(l+j:>+j:*)(2-3i-2.t>)-' 
in a series of powers of x, and show that 

V^= ■97365 neafly- 

3. A bag contains 3 balls, which are equally likely to be either white, 
black, or red. A while ball is drawn and replaced, and then a black ball 
is drawn and replaced. Find the probability that the next drawing will 
give a red ball. 
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WOOLWICH ENTRANCE EXAMINATION. 



3 continued Traclioii, and show that 



5. In how many difTerect ways can 3 white, 3 red, and 3 blue counters 
be arranged in 3 rows of 3 each ? 

If there were k counters of each of « different colours, show that the 
□umber of ways in which the »' counters could be ananged in ti rows of « 

I»X2"X3"X,..X«" 

6. Solve (be simultaneous equations 
Show that in (ii.), a+^= a^cosa. 



<«•' {1™ 



7. If ti be the circular measure of an angle less (ban a right angle, 
prove that 

sine>tf-?, and lantf>tf + ^ 

8. A man, travelling due north along a straight road, observes the 
points A, B at which two distant objects P, Q lie respectively doe east,' 
and at an intermediate point C he measures the distances AC, BC, and 
the angles PCA, QCB. Show that he will have data from which he can 
calculate the length of PQ and its inclmation to the direction of the road. 

Show that this incUnation will be 30°, if each of the measured angles is 
&>°, and one of the measured distances is double of the other. 

9. If 2 cos 9 = x-\--, express cos nf and sin n6 in terms uf x. 
Also prove that 

tan-tNATlstnfl) 
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FURTHER EXAMINATION. MATHEMATICS. [June, 1801 

10. An open box in the shape of a pecfecl cube lies on a horizontal 
plane with the diagonals of its base pointing lowaids the fonr cardinal 
points- ijhow that at noon, when ibe sun's nltitude is tan~'(3^2), the 
portions of the interior surface in sunlight and in shade are as 37 ; 43. 

11. Find the sum of each of the infinite series 
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WOOLWICH ENTRANCE EXAMINATION. 



VII. MECHANICS. 

\Full marks may be ob^ined far about three-fourtlis of Ihe fiaftr. Mathi- 
matkai insiruincnts must hi used for guestuns r^equiriitg a graphical 
method of siJuiion. ] 

I. Solve graphically the following problem : — A unilbrm beam AB, 
weight 100 lbs., U supported by Iwo strings AC, 3D, the former makiDg 
an angle of 51° with the boriiontal, and the latler being vertical. It is 
maintained at an angle of j° to the horizon by a horizontal force /* applied 
at S. Find, by graphical construction, the value of /* in pounds. 

1. Solve the following problem : — A uniform horizontal beam AB, 
wnght 100 lbs., is placed with Ibe end A resting against a rough wall AD, 
and is supported by a stiing CD. Find, bj construction, the tension of 
CD in pounds, and the coeffident of friction in operation between the beam 
and the wall at A. 

AB = 4', AC=f, AD = 2'.9". 

3. Three forces, /*, Q, /?, make equilibrium ; I" is given In magnitude 
and position, Q in magnitude only, S in direction only, making an angle ff 
with P. Determine Q and X either by construction or by calculation. 
Show that there are generally Iwo solatioos, and that if P>Q there are 
limits to the angle 6, beyond which the question is impossible of solution. 

4. If four forces in equilibrium act along the sides of a parallelogram, 
show that they are as the ^des in which thej act. 

If four forces in e<)uilibrium act at right angles to the sdes of a paral- 
lelogram {not rectai^EuIar) at their middle points, prove that they are as Ihe 
sides on which Ihey act. 

5. A reclODgnlai block ABCD, whose height is double its base, stands 
with its base AD 00 a rough Soor, coefficient of friction \. If it be pulled 
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FURTHER EXAMINATION. MECHANICS. [June, 1891 

by a boiizontal force at C till n 
on the floor, or begin to tum o' 

6. The masses of two particles aX A, B at m, m' : if /' be aidi pcant, 
prove that the resultant of two forces represented by m. if/*, nt'.^^acts 
in GP, and is represented by {m-\-tn')GP, whore G is the centre of gravity 
of m, m'. Hence show that if t7 is the centre of gravity of the masses m, 
«', m" at any three points A, B, C, the three forces 

m.AG, m'.BG, in", CG 
make equilibrium. 

If OA, OB, DC are three diverging bars of the same material and same 
section, prove thai if their centre of gravity is at O, the sines of the angles 
they make are as the squares of their lengths. 

7. Find the slope of a, smooth inclined plane, if the work done in 
drawtng a heavy body up a giveu length of it, is equal to that done in 
drawing the body along an equal length of a rough floor (coefficient of 
friction J). 

If the floor and plane are equally rough {n < i), prove that more work 
is done in drawing it up the plane, than along an equal length of the floor, 
whatever he the slope. 

8. If a body is projected vertical^ upwards, prove that the velocity at 
any point in its ascent is equal to its relocitj when passing through that 
point in its &II. 

of vis viva lost in the direct collision of two 
m, velocities w, v. 

If the balls are equal and going in the same direction, show that less 
than half their vis viva is lost. 

10. A fleiible heavy string, length li, is moving over a smooth fixed 
small pulley, the two unequal portions of it hanging vertically. Prove 
that at the instant when its middle point is at a distance x below the 
pulley, the acceleration with which it b moving is 

'-','■ 

Find also the tension of the string at any assigned point of the descend- 
ing portion at the same instant. 
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WOOLWICH ENTgANCE EXAMINATION. 

II. A projectile thrown at a small elevatioii (3°), gives a range of 
loooyaids on a horizonlal plane. If tlie plane, instead of b«ng horizontal, 
had an upward slope of 1°, what would be the range in yards, approxi- 

iz. A heavy bead, loosely strung on a smooth vertical circular wire, 
falls down it Irom re!t at the highest point 0. When at any assigned 
pobt, Gnd the v^ocity with which its distance from O (in a straight line), 
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MATHEMATICAL EXAMINATION PAPERS 



l^ogd JKUitOTQ JLcabtms, SEtooltDich, 
November, 1891. 

OBLIGATORY EXAMINATION. 

I. EUCLID (Books I.— IV. and VI.). 

[Ordinary aibreviaiions may be employid, but the mtthod ef proef mutl 
be geoitutrital. Proofs other tluat EtuOSs muil net violate EticliSs 
sequenit of firefesitiens. Great imperiatKe will be attached to accuracy. ] 

I. Draw a straight line at right angles to a given straight liite, Irom a 
given point in the same ; and show that two straight lines cannot have a 
common segment. 

z. Give Euclid's Axiom on parallel straight lines ; and show tha,t the 
straight lines which join the extremities of two equal and parallel stra^ht 
lines towards the same ports are also themselves eqaal and parallel. 

Two quadrilaterals ^JCZ), EFGH, have the sides ^S, ^C respectively 
equal to the sides EF, HG ; and also the angles which the diagonals A C, 
BD make with AB, CD, namely, CAB, ABD, BDC, DCA respectively 
equal to the angles which the diagonals EG, FH make with EF, HC, 
namely, GEF, EFff, FHG, MGE ; show that the quadrilaterals are equal 
in eveiy respect. 

3. To a given straight Ibe apply a parallelogram, which shall be 
equal to a given triangle, and have one of its angles equal lo a given 
rectilineal angle. 
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WOOLWICH ENTRANCE EXAMINATION. 

4- Enunciate the two pioposlliona repiesented by 
{2o±*J= + f' = 2{a' + (<i±i)'j. 

AB is bisected at C and produced to D ; AE, whicti is at right angles 
(o A£, is divided into two equal parts at F and into two unequal parts at 
G; CH, J/, ZlAT, are drawn parallel to ^fi; and ^A", GHL, i^/ parallel 
to AZ>. Show that the sum of the squares on GD and IL is double of the 
sum of the squares on FC and HIC. 

5. In obtuse-angled triangles, if a perpendicular be drawn from either 
of the acute angles to the oppo^te side produced, the square on the side 
subtending the obtuse angle is greater than the squares on the sides 
containing the obtuse angle, by twice the rectangle contained by the side 
on which, when produced, the perpendicular fells, and the straight line 
intercepted without the triangle, between the perpendicular and the obtuse 

6. From any point in the diameter of a circle which is not the centre 
tbere can be drawn to the circumference two straight lines, and only two, 
which are equal to one another, one on each side of the diameter. 

If two such pairs of equal straight lines are drawn, prove that the chords 
joining the extremities of the unequal straight lines meet upon the diameter 
of the circle (produced if necessary), 

7. If from any point without a circle two straight lines be drawn, one 
of which cuts the circle, and the other touches it ; the rectangle contained 
l^the whole line which cuts the circle, and the pait of it without the circle, 
shali be equal to the square on the line which touches it. 

8. A quadrilateral ABCD is circumscribed round a circle, touching 
the drcle in E, F, G, H. Find the difference of two oppo^te angles oS 
ABCDia terms of the difference of two adjacent angles of £J^G^, 

9. Describe a circle about a given triangle. 

10. Inscribe a i^ular quindecagon in a given circle. 

11. The sides about the equal angles of equiangular triangles are 
proportionals. 

If in two triangles ABC, DEF, AB U to JC as Z>£ U to EF, and the 
angle A is equal to the angle D, but the angle B unequal to the angle E ; 
show that the angles Cand /"are supplementary. 

13. In equal circles angles, whether at the centres or at the circum- 
ferences, have the same ratio which the arcs on which they stand have to 
one another. 
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II. ALGEBRA. 

(Up to itod including the Binomial Theorem, the theoi; and use of 
Li^ritlims. ) 

[N.B. — Great importance will In altathtd te atcuracy.'^ 

1 . Find the value of 

i68o + (r-7)[i47Q+{r-8H378 + (>-9)(3S + '-lO)}l 

2. Multiply 

Find an algebraic function such that vfhen it is divided by a* - o^ + **, 
ihe quotient is 30' - lab + P and the remainder is n^[b - a], 

3. Writedown one factor of ii:"- 17^:'+ 16. 

Divide j:^'- 17^+ 16 byjr"-2*+i, so for as to show (he four terms of 
highest degree in the qnollent. 

4. Define the a^ebiaical Greatest Common Measure and Least 
Common Multiple of two or more functions. 

Find the Greatest Common Measure of 

7j;* + &r'-&r'-6j:+l and iix* + isx'-'2x'-^+i. 

5. Simplify the expres^on 

{*-J')(.-J')(jC-2J' + l) ■ 

6. Solve the equations 

(LI ' 4. * 3{' + 6) _, 6£+a3. 

(a) IW+4j'=7i, 

7. Examine the meaning of a> and a° in the theory of indices. 
If 3^ = 4/100 + 24/10+3, 

dhow that 3(c-I)'-20f = 0. 
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8. Solve (he equations 

(ii.) ^/j^/(j;*+2i^+3)+i:^+3 = 8a^- 

9. Find thesoinof 19 termsof the Aritbnietical Fii^ression vhose 3rd 
•nd 13th terms aie 17 and 87 respectively. 

If J'! denote tbe product of the first x int^ers, show that 
I.l! + 2.a! + 3.3!+ ... +j:.j:l = (j:+l)l-t. 

10. Find the number of permutations of n different things taken 4 
together. 

If there are 4 flajis of each of 6 different colours, prove that 4 flags may 
be hoisted into a vertical line in 6* different ways. 

11. Enpand : by the binomial theorem, stating the necessary 

imitations on the value of x. 

If 
(l-.»:)-Hl-^)->^I-.^)-«(l-j:*)-'=I+^ + 2(/^ + ?.i:^ + rl*) + ... 
show that p = \q = \r=\. 

13. If a number has no int^ral part, show (hat the characteristic of 
its logarithm to base 10 is negative, and numerically exceeds by unity the 
number of zeros following the decimal point. 

Calculate (27i8)'->«x(3-i42)>^» 

by the aid of a table of logarithms. 
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III. PLANE TRIGONOMETRY AND MENSURATION. 
(IncludiDg the Solution of Triangles.) 
(N.B. — Crtat imfortatiei wili bt aliaehtd to aeturaey.'\ 
I. Trace the changes in sign and magnitude 

(.)o(.ii,«i (2)or.in(j + ^ras), 
IE 6 changes from o to zr. 
3. Prove that 

(i.) (sec»/* + tan'^)(co5ec'^ + cot'^)= l+2«ec)^cosec*<4. 
(ii.) sec^ + iaa. 4 sec^-Mt ».4 ^ 3(ew.<-co««c^). 



3. Having given %\aA=\ and smB = -fii, find the value of tan(^ + B). 

4. Prove thai 

an i(^ - ^{cos^ + cos J- sinM + £l} 

= a«i<rf + ^]dnM-5)+co»^-cos5}. 

5. Find an expression foe all the angles which have the same sine as a 
given angle. 

Having given the value of sin Z^, find the nambei of values of tan .4. 

6. Prove thai 

Un-'jT + tan-'v = tan-'i*-'' , 
i-xy 

and that 

2Un-'t + tan-m = ^. 

7. Find the sine and cosine of I S° and also the sine and codne of 54°, 

E. If ^ is the radiua of the circumscribing circle of a triangle ABC, 

prove that 



nC *sin/i H 
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g. Wrile down the expreasion for the cosine of an angle of a triangle 
n terms of its sides, and prove that, for a trian^e ABC, 



=V£ 



Having given that the sides of a triangle are 33*3, 34 '5, and 1-3 find its 
greatest ai^le. 

l(X An observer standing al the distance of 52 feet from the foot of a 
tower finds that the angle of elevation of the top of the tower 1841° 15' 15"; 
find the height of the tower, the observer's eye being 5 feet from the 
ground, 

II. A piece of wood is in the form of a regular pyramid 00 a square 
base ; the side of the base is 6 inches, and the perpendicular distance of the 
vertex from the base is 8 inches ; find the number of cubic inches in the 
volume of the wood, and the number of square inches in its sur&ce. 

iz. A cftindrical boiler is hemispherical at its two ends ; its radius ia 
2 feel, and its total length is 8 feet ; assuming that a cubic foot of water 
weighs 6a'5 lbs., find the number of tons of water which will fill the 
boiler, (Take t = 3'i4.) 
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IV. STATICS AND DYNAMICS. 

\T}u acaUratioa dtie to gravity may ii taken asrqaal to 32.] 
I. State and prove the proposition known as tie "Polygon of 

Forces i, z, 3 and 2^2 act on a point in the directions of the tides AB, 
BC, CD and the di^onal DB of a squaie ABCD respectively ; determine 
their resultant, graphically or otherwise. 

3. Each of a pair of sculls has four-fifths of its length outside the 
rowlock, and a man sculling palls at the handle of each with the force P. 
Another man llitusts an oar over the stem against the bottom of the mter 
with the force iP at an angle of 60° to the horizon. Compare their effects 
in propelling the hoat. 

3. State the conditions of equilibriani of any numher of forces acting 
on a body in one plane. 

A smooth wall is inclined at an angle of 60° to the horiioni a heavy 
uniform rod AB ^^t feet long, is in equilibrium at an angle of 45° to the 
wall, its tower end, A, rests on the wall, and a point in it, C, rests on a 
smooth horizontal roil parallel to the wall. Draw a diagram showing how 
the forces act, and find the distance of C from the wall, 

4. Find the centre of mass of a uniform triangular board. 

The sides AB, BC, CD, DA, of a trapedam are of lengths 54, 36, 37, 



5. Find the ratio of i* to ff in a smooth screw. 

If a power of i ctvt. acting horizontally and at right angles to the 
extremity of an arm E ft. 4 in. long will raise 5 tons by means of a screw 
whose axis is vertical and diameter 3 inches, find the inclination to the 
horizon of the thread of the screw. 

6. Find the relation between the power and weight in that system of 
pulleys in which each string is attached to the weight, the strings being 
pttrallel and the weights of the pulleys being neglected. 

If there be three pulleys, two of them moveable, and the weight of each 
i lb., what will be the value of i* when ITs S lbs. ? 
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7. What is meant by uniform acceleration ? 

A stone is thrown vertically upwards, with a velocity 36 feet per second. 
After what times will its velocity be 12 feet a second? 

8. A particle moving in a straight line with a uniform acceleration a 
passes a certain point A with velocity u. State (without proof) the for- 
mulae which give (i) the distance i subsequently moved over in time t, and 
(2) the velocity v with which the particle will be movi:^ when at a distance 
d from A. 

A railway Iraiu, moving with velocity 48 miles an hour, has its velocity 
reduced to 16 miles an hour in 5 minutes. F^d the space passed over in 
the interval, the retardation being assumed to be uniform. 

9. Two smooth inclined planes have a common altitude, and their 
inclinations are 30° and 60° to the horiioo. Two masses start simul- 
taneously from the common vertex to ^1 one down each plane. Compare 
(l) tbeir times of falling to the bottom, and (3) their final velocities. 

10. A particle is projected hotiionlally from the lop of a vertical wall 
16 feet high with a velocity 32^3 feet per second. Find its range on the 
horizontal ground, and prove that when it strikes [he ground its velocity is 
64 feet per second. , 

1 1 . State the law of Newton which tells us how to measure force. 

If the unit of force were that which acliog on l ton of mass would in 1 
minute generate a velocity of 1 mile a minute, bow many units of force 
would the weight of i ton contain ? 

' A man 10 stone in weight, who pulls with a force equal to his own 
wright, drags a to ton railway carriage from rest on a smooth horizontal 
line of rails. How far will he move it in one minute? 

iz. A mass (n), falling vertically, draws a mass M along a smooth 
horizontal table by means of a fine string which passes over a smooth 
pulley at the edge of the table ; find the tension of the string at any lime 
and the acceleration produced. If the tension is equal to half the weight 
of m what is the ratio (A MVaml , 
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FURTHER EXAMINATION. 



MATHEMATICS (I). 



\Ftill markt may bt eilaimd for almi four-fifths of this paper. Great 
impoTtante is aitacked la accuracy.'] 

I. Explain the meanings of a, b, a,p, ni, cm the following equatioos 
representing a straight line : 



Wliat are the relations between these constants, if all three equations 
represent the same straight line ? 

3. Find the equations of the ^des of a triangle, the coordinates of 
whose vertices «re {i, 4), {2, -3),{-i, -a), respectively. 

Abo find the equations of the bisectors of the angles between the lines 
izi + Sj'-4 = q, Jx + 4J' + 7 = D. 

3- Find the locus of a point P, so that when PM and PN are drawn 
respectively perpendicular to two fixed lines, OM&iii ON, the sum of OM 
and 0^ is given. 

4. Find the locus of a point P (i) when the tii^ents liom P to two 
given circles are in a given ratio, (Z) when the sum of the taligents is 
constant. 

5. Being given the fociu and Iwo points on a parabola, find the position 
of its directrix, and state the number of solutions of the problem. 

6. Prove that the normal at any point on an ellipse bisects the angle 
between the focal vectors of the point. 

Draw the normals that pass through a given point on the axis minor of 
an ellipse, and find when a solution (other than the minor axis itself) is 
impossible. 



p:h»Google 



WOOLWICH ENTRANCE EXAMINATION. 

7. Show that an ellipse can be projected orthogoiutlly into a circle. 
Hence prove that any triangle can be projected orthogonally into an 

equilateral triangle. 

8. In the transformation of the general equation of the second d^ree 
from one rectangular system of coordinate axes to another, show that the 
quantities u-hj and ab~lfi remain unaltered, where a, b, 2h are the 
coefficients of jt*. 3^, xy respectively. 

Find the lengths of the axes of the conic that is represented by the 
lai*- ia*)'+7y = 48. 

9. Find what curve is represented by (he equation 



V^Vf= 



and give a Ggoie of the curve. 

la Prove that the sum of the squares of any pair of conjugate 
diameters of an ellipse is constant 

Being given in magnitude and position two conjugate diameters of an 
ellipse, iind, by geometrical construction, the position and magnitude of it» 
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VI. MATHEMATICS (a). 

\_Fidl maris may be ablaintd for aiimi three-fourths of this paper. Griat 
imforianci is allachtd to accuracy. ] 

1. Salve the equations 

(ii.) j»-2^^+3r' = fl»-2oi + 3*''l 
33^~lj:y+}^ = 3a''-2ai+i'} 

2. Find Che sodi of the series 

1+3 + 6+ ... +iB(n + i). 
The top and hottom lasers of > pile of spherical shot are equilateral 
triangles, whose sides contain a and i shot respectively. Show that the 
namber of shot in the pile 

= Hi-a + l}{S'+i{a + 7)+a(a + l)). 

3. Show that 

./^» + 4 - V^+T = I - --t" + ^r* - etc. 
4 64 

4. Show that the expression 



will be positive if a, t, c; b, c, a, or c, a, J are in descending order of 
magnitude. 

5. Explain how to solve in int^ers an indeterminate equation of the 
first degree in two variables. 

Find a namber of two digits such that if it be multiplied by three, and 
added to four times the number formed by reversing the digits, the sum 
is 659. 

6. If ^ and J be two acute angles, such that sinW = t and •iaB = -f„ 
prove (without unng tables) that A + iB is greater than 90° and less than 
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. Explain what is meaol by Mathematical Induction, and show by 
IS of the identity 



that if 2 cos = x^r-, then 3cosnS = >" +—> n being a positive integer. 

8. A, B are (wo stations a miles apart, and P a point maving in a 
straighl line. At a given moment the angles BAP, ABP are observed to 
be a, &, and aAer a certain interval to be a + 7, ^-Y- Y'm& the distance 
described by the point in the interval, 

9- Investigate expressions for the radii of the inscribed and circum- 
scribed drcle* of a triangle in terms of the ades of ihe triangle. 
Find their nnmerical values in Ihe case of a triangle in which 
a = 36. « = 73°iS'. C = 45''3o'. 



The right angle C of a triangle ABC is divided into h equal parts by 
lines which meet the hypotenuse AB in points, /\, P^ P^ ... /^-ti ^ow 
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VII. MECHAMCS. 

\Fjdl marks may be ebiaintd for aioait three-fourtha of l)u paper. Matht- 
titatkal iTulrtunaits must te tued for qvestiens requiring a graphical 
tiiOhed of soluUim, ] 

1. Enunciate and prove the Polygon of Forces. 

Five forces OA, OB, OC, OD, OE acting at the poini are in 
eqaitibrium. If the forces in OA, OB, OD be respectively 4, z, 3, find 
graphically the forces in OC and OE, Given 

lAOB = 45°, lAOC= 120°, iAOn = 3io°, lAOE = 270°. 

2. A rod ACB weighing 15 ozs. rests upon a smooth peg C, and its 
end A is attached to a fixed point in the same horiiomal line with C by 
means of a string OA. Find graphically the position of the centre of 
gravity of the tod and the magnitinJes of the tension of (he string and the 
pressure between the rod and peg. 

AC = 4i, A0 = 2i, 0C^2i inches. 

3. A, B, C are three fixed smooth pegs in a vertical plane, A beii^ 
3 feet vertically below S and 4 feet horizontally to the r^ht of C. A string 
13 feet long passes ronnd the three pegs and has its extremities attached to 
a wdght SV; tind the tendon of the striag and the resultant pressure on 
each peg. 

4. The weights of a ^tem of heavy bodies are IVj, SV^ ... and the 
coordinates of their centres of gravity are x„ j^; x^ y^; ... respectively. 
Find the coordinates of the centre of gravity of the system. 

A square board is divided into 36 equal squares by lines drawn parallel to 
the sides. A figure is formed by taking the ist and 4th squares in the first 
column, the ist, znd, and 4th squares in the second column, the and, 3rd, 
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4Ch, and jth squares in tlie third column, the 4th, 5th, and 6th squares in 
the fourth column, the and, 3rd, 4th, 5th, and 6lh squares in the Gilh 
column, and the 3rd, 5th, a.nd 6lh squares in the last column. Show that 
thecentreof gravity of (be figure formed of these 20 squares divides the Ibe 
AB in the ratio of 1 1 to 1 3. 

5. A uniform rod rests on the rim of a plate with its middle point at 
the centre of the rim. The plate itself rests on a horizontal plane. A 
downward vertical force, just sufGcient to disturb equilibrium, being applied 
to one end of the rod, sbow that the plate and rod wilt begin to move 
together, or the rod only, according as the weight of the rod is greater ot 
less than grds of the weight of the plate ; 411, yt being the diameters of the 
base and rim of the plate respectively, and 6a the length of the rod. 

6. Define vrari, and show how it is measured. 

A r^ht-angled triangle ABC turns stiffly in its own plane about the 
middle point of the hypotenuse AB. If forces P, Q, R, just sufficient to 
overcome the re^stance, be applied at right angles to the sides BC, CA, 
A3 at the angular points, ail tending to turn the triangle in the same 
direction, show that the work done by them in turning the triangle through 
a right angle = \{Rc-i-{P- Q){a — /i)); the forces remaining throughout the 
motion parallel to their original directions and constant in magnitude. 

7. A heavy particle slides down a rough inclined plane; find the space 
described from rest in a given time. 

Two particles are projected with a velocity of 40 (eet per second from 

points S8 feet apart, the one op and the other down, s rough plane (/• = i) 
inclined to the boriEon at an angle tan* Vi- Find when and where they 
will meet, and account for the double solution {g = 32]. 

8. Within a smooth drcular tube fixed in a vertical plane are two 
particles of mass /*, Q connected by a siring whose length Is equal to half 
that of the lube. Find the acceleration of each particle in the direction of 
motion, and the tension of the string supposed tight, when the line joining 
the particles makes an angle 8 with the horizon, 

9. Two smtwtb imperfectly elastic balls, moving in one plane with 
given velocities in given directions, impinge obliqudy on each other i deter- 
mine the motion of each after impact. 
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lo. A particle hangs from a fixed point in a wall by a string of length 
a, find the least velocity which inust Ik given to it in order that it may 
make a complete revolution, without the string becoming slacl:. 

If the string come in contact with a nail in the wall situated in the 
horizontal line through the point of suspension and at a distance b hum it, 
find the least initial velocity in order that the particle may malce a complete 
revolution round the nail, without the string becoming slack. 
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MATHEMATICAL EXAMINATION PAPERS 

FOB; ADMISSION INTO 

^Rogai ^Uitaru JLcabemg, SSooIttiich, 
June, 1892. 

obugatory examination. 

I. EUCLID (Books I.— IV. and VI.) 

IPrdinary abbraiiaiions may bi emplByed; Init the method of proof must 
bt geometrical. Proofs ether than EucUets mtat not violate EudHs 
seqiUTKe of propositions . Great impotianceiaUl he attached to aceurary,'] 

t. The suiQ of 3117 t"*} S'<3^s of f triangle is greater than the third 
^de, and their diffecence is less than the third side, 

2. If two quadrilaterals ABCD, EFGH have the four angles A, B, 
C, D lespectively equal to (he four angles E, F, G, H% and likewise 
the sides AB, DC respectively equal to the sides EF, HG% show that 
if AD and BC meet when produced the quadrilaterals are equal in every 

3. Define parallel straight lines ; and show thai parallelograms on the 
same base and between the same parallels are equal to one another. 
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4. Enunciate the proposition which is repTesente<t in algebraical 
symbols by 

and give the constcuction by which the propoution is proved. 

If in a quadrilateral A3CD, the si<les AD and BC are each perpen- 
dicular to the side AB, show that the square on DC is less than the sum of 
the squares on the three other sides by twice the rectangle contained by 
AD and BC. 

5. Divide a given straight line into two parts, so that the rectangle 
contained by the whole and one of the parts may be equal to the sqluire on 
the other part 

6. Define circU, langeni, attglt in a stgmenl. 

If a point be taken within a circle, from which there fall more than two 
equal straight lines to the circumference, that point b the centre of the 

7. If a straight line touch a circle, and from the point of contact a 
straight line be drawn cutting the circle, the angles which this line makes 
with the line touching the circle shall be equal to the angles which are in 
the alternate segments of the circle. 

If the bisectors of the adjacent angles A and ^ of a quadrilateral A BCD 
meet in E, and the bisectors of the adjacent angles B and C, C ami D, 
D and A meet respectively in F, G, H; show that a circle can be described 
round the quadrilateral EFGH. 

S. If from any point without a circle there be drawn two straight lines, 
one of which cuts the circle, and the other meets it, and if the rectangle 
contained by the whole line which cuts the circle, and the part of it without 
the circle, be equal to the square on the line which meets the circle, the 
line which meets the circle shall touch it. 

9. About a given circle, describe a triangle equiangular to a given 

10. Inscribe an equilateral and equiangular hexagon in a given circle. 

Show that '•£ AyA^^^... he an equilateral and equiangular figure of 
24 sides, the straight linci A-^A^ and A^Ay^ ore at right angttt. 
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II. If two triangles have one angle of the one equal to one angle of 
ihe other, and the sides about the equal angles proportionals, the triangles 
shall be eqniangular to one another, and shall have those angles equal 
which are opposite to the bomologons sides. 

iz. Similar triangles ate to one another in the duplicate ratio of their 
homologous ddes. 

If C be the centre of a circle, OPCQ a straight line cutting the dicle in 
P and Q, OTa tangent to the circle, and /W another taogent cutting OT 
in jV; show that the triangles OPN and OTC bear the same ratio to one 
another that OL' bears to OQ. 
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II. ALGEBRA, 

( Up to and including the BinomiiLl Theorem ; the theory and use of 
ly^rithms. ) 

[N.B. — Grtat impotianee villi bt attacked to aeatracy.\ 

I . Multiply 

n3 + za'i + 3o*' + 3A> by (i'-3o»*+3oi5'. 
Abo show that 

{.x-^yf-{y-^f-\■\,^y-ycf-^,3^-■iyf^^p{,x-y•\{x^■y■\\ 

^-{^--■iPq\'?-ffi^~t by ^^-fx'+pqx-f. 

3. Find the highest common bctor of 

4J:*- 29^:^ + 25 ""kI 2^+a:'- 143^-4-1 + 15. 
Also resolve each of these expressions into the simplest possible factors. 

4. Simplify 



{'.) 



x-yx" 



Also find the value of 

x-2a x + 6 i' ~ b-a 

5. A square of carpet is cut up into strips so as to cover a border 
(a + j) feet wide round the floor of a room, whose length is too feet and 
breadth loJ feet. What was the length of the side of the square ? 

6. Solve the equations 
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"J. Find tlie sum, product, and difference of the roots of the quadratic 

Write down an equation whose roots aie each equal to the sum of the 
ceciprocals of the roots of the given equation. 

8. A cask was filled with wine and water mixed tf^ether in the pro- 
portion of 5 : 3- Wheo i6 gallons of the mixture had been drawn olT and 
the cask filled up with water, the proportion became 3:5. How man^ 
gallons did the cask hold ? 

g. The first and last of 46 terms in Arithmetical Progression were 
- 5 and + 25 respectitely. Find the two middle terms and the sum of all 
the terms. 

Also find two numbers whose arithmetic mean exceeds their geomelHc 
mean bf 3, and whose harmonic mean is one-Gfth of the larger number. 

10. A purse contains a sovereign, a half-sovereign, a half-crown, a 
tlorin, a shilling, a threepenny piece, and a penny. Haw many different 
snms of money can be obtained by taking ont four of the coins? 

If two sovereigns were added to the contents of the purse, how many 
diflerent sums could then be obtained by taking out four coins? 

11. Write down the continued product of the n factors 



and deduce the expansion of (i-t- jr)" by the Binomial Theorem. 

Also write down the twelfth term and the middle term in the expansion 

(-;)■■• 

12. Explain how the different powers and roots of numbers may be 
found by means of logarithms. 

What is the smallest number of terms which may be taken of the 
Geometric Prt^ression 4, 6, 9, ... to have a sum exceeding 8000 7 
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III. PLANE TRIGONOMETRY AND MENSURATION. 

(Inctuding the Solution of Triangles.) 
[N.B. — Grial imferlance vdll ie attachidto accuracjr.'i 

1. Compare the magnitudes of the unit of circular measure and the 

Find correct to one second, the time between one and half-past one 
o'clock when the circular measure of the angle between the hands is }. 

2. Express alt the trigonometrical functions of an angle in terms of the 
tangent. 



3. Find sin [A + B) in terms of sines and cosines of A and B. Find 
also sin 3<4 and cos iA in terms of sin A, and if ^ is less than 180°, prove 
that sin \A is less than 4 sin A. 

4. Find the smallest positive values of A and B from the equations 

y lao vJ + tan J = cot ^ + col i', 
1 A-B = fx>'. 



Prove also that 

sin 5.-1 - sin 3.4 = a sin ^ - 4 sin ^ sin'z^. 

6. Find Un(^ + B+C) in terms of the tangents of ^, B, and C. 
Prove that itt any triangle ABC 

cot^cotA+coi5cotC+cotCcot.rf = 1. 
6 
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7. In every triangle the sides are proportional to the sines of the 
opposite angles. 

If the co^es of (wo of the angles are inversely proportional to the 
oppo^le sides, prove that the triangle is either right-angled or isosceles. 

8. Explain the notation sink's. 

If Un"'o = cosee'^3 = co»"'#, prove that one value of b is 

9. Find the area, and radius of the inscribed circle, of a triangle whose 
sides are 706, 690, and 340 feet. 

la From two stations C and D, on the same side of the line AB, 
joining the two objects A and B, whose distance apart is known, the a[^les 
ACB, BCD, COB, and ADB are observed, show how CD may tie found. 

If ACB = 1)0', ADB- -11°, BCD = y>'', CDB - io$\ 
prove that 

CD^-,M£^. 
V8+W3 

11. The height of a conical lent is 7} feet, and it is to inclose 200 
square yaids of ground, find how much canvas will be requwed. (i = V.J 

12. llie silk covering of an umbrella forms a portion of a sphere of 
3^ feet radius, the area of the silli being 14! square feet. Find the area of 
the ground sheltered from vertical rain when the stick is held upright. 
(»- = V-) 



p:h»Google 
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IV. STATICS AND DYNAMICS. 
\Thc a^cderaliBn due to gravity may be taktn ta equal to 2^ foot-sieeHd uhUlI 

1. If the ade of a regular hexagon ABCDEF represents a force of 
100 lbs., find, to the nearest pound, the magnitudes of the forces represented 
by (he straight lines AE, AD, FB ; and, supjxising them to act al a point, 
show how to draw, by the Poison of Forces, the line representing their 
resultant. 

2. A uniform rod AB which can turn freely in a vertical plane about a 
hinge at A, is kept in a horiionlal position by a string BC attached to a 
fixed point C in the vertical plane, the ai^le ABC being obtuse. Show in 
a diagram the forces acting on the rod, and prove Ihat two of them are 

3. State the conditions of equilibrium of a system of forces acting in 
one plane on a particle (i.) when the particle is otherwise free, and (ii.) 
when it is constrained to move on a smooth straight rod in the plane of the 

A ring C tests upon a fixed smooth horizontal tod AB, whose length is 
13 feel. To the ring are attached two strings, one of which is 7 feet long 
and has its other extremity fixed at A, the other passes over a. smooth hook 
3 feet below B and sapports a weight of zo tbs. Find the tendon of the 

4. Define the centre of gravity ai a body ; and show how to find the 
position of the centre of gravity of a body formed of two parts whose 
weights and centres of gravity are given. 

A line BOC is bisected at right angles by a line AOD, the lengths of 
AO, OZ) being 5 and 7 inches respectively ; find the distance of the centre 
of gravity of the figure ABDC from O. 

5. Point out the use of a single smooth pulley (i.) when fixed, (ii.) 
when moveable, and in the latter case investigate the relation between the 
power and the weight when the angle between the portions of the string 
diverging from the pulley is o. Within what limits must a lie in order 
that there may he mechanical advantage ? 
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6, Two weightless levers AOB, COD, whose lengths aie 8 and g 
inches [eepectivelj, are jointed together at O four inches fioni B and D. 
\i A, (7 be connected b; a string 3 inches long, and B, D be pulled apart 
by forces P, P, in the straight line BD, find the tension of the string. 

Draw a diagmm showing the forces acting on the lever AOB. 

7. Enunciate the First and Second Laws of Motion, and give examples 
of force producing change of motion as r^ards (i.) (nagnilude only, (ii.) 
direction only, and (iii. ) both magnitude and' direction. 

S. Compare the velocities of two pariiclef. one of which describes 
4^ miles in 35 minutes, and the other 77 feel in 2 seconds. 

9. A particle moves from rest under the action of a uniform force ; 
eipress the velocity acquired, the acceleration, and the force, in terms of i 
the space described, t the lime, and m the mass of the particle. 

A smooth tube ACB, consisting of two straight portions AC, CB, with 
a. bend at its lowest point C, is fixed in a vertical plane, and a particle 
acted on by gravity starts from rest from a point P in the arm AC, and, 
passing the bend C without change of velocity, rises in the arm CB to a 
point Q. Show that PQ is horiwntal, and that the spaces CP, CQ are 
proportional to the times in which they are described. 

10. If a force equal to the weight of 21 lbs. act upon a body, and 
generate in it in one minute a velocity of 3 feet per second, find the mass 
of the body. 

I r. A particle is projected with a velocity of 80 feet per second in a 
direction making an angle of 30° with the horizon ; 6nd the greatest height 
attained, and the range on the horizontal plane through the point of 

Find also the velocity of the particle and its distance from the point of 
projection at the end of two seconds. 
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WOOLWICH ENTRANCE EXAMINATION. 



FURTHER EXAMINATION. 



V. PURE MATHEMATICS. 

[Full maris may be oblaitud for about thiee-Efihs of this paper. No Can- 

didale must allempt more than ten questions. Great importance -anil ie 
attached to accuracy."] 

1. Prove that the sum of the squares of any thiee real quantities, 
which are not all equal, is greater than the sum of the products of every 
two of the quantities. 

2. Expand 

i + x+x' 
in a series of ascending powers of x. 

If i?r lie the coeHicient of .i' in (his expan^on, prove that 

3. Find two numbers whose product exceeds the square of the smaller 
by the double of (he greater. {Only one sotudon \% required.) 

4- In a certain triangle ABC the base AB and the perpendicular alti- 
tude are each equal (o the radius of the circumscribing circle. Prove that 
ai-3r^ and cot.^ + cot.ff = i. 

5. A vertical column stands on an inclined plane. The elevation at 
the top of the column above the horizon is found (o be 45° at point.<i on this 
plane respectively a ft. and b ft. from the foot of the column along (he 
line of greatest slope through the foot. Show that the inclination of the 
plane to the horizon is 



"-(^). 



and that the square of the height of the column is the harmonic mean 
between a' and ^■ 
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6. Show tbal 9, the circular measuie of an allele not exceeding half a 
right uigle, is equal to tbe sum of either of the iofinite seiiei 

tan e-itBn'S + itan'e-ilatf#+ ..,, 
«in3P-isin4» + 4ainM-isin8#+ .... 

7. The tangent at any point /* of a conic section, whose focus it S, 
meets the directrix b D. Show that the angle PSD is a right angle. 

If in a parabola the abscissa aS Phe one-twelfth of the latus rectum, 
PD will be bisected by the axis. 

S. If SY, S^Y' be the perpendiculars from the foci of an ellipse on 
the tangent at a point P, show that SY . S'Y' = BCK 

Show also that, if the circle on YY' as diameter cnt the normal at Pin 
R, and /W be the ordinate at P. FN: PR::BC: SC. 

9. Prove that the ilifTerence of the squares of an; two conjugate 
diameters oF a hyperbola is constant. 

If the base and one of the equal sides of an isosceles triangle be the 
asymptotes of a hyperbola which touches the other side, prove that the 
difference of the squares of any two conjugate diameters is double of (he 
square of the base of the triangle. 

10. Express the area of a triangle in terms of the rectangnlaj' co- 
ordinates of its angntar points. 

Hence find the area of the trian^ farmed by joining the points, 
whose coordinates aie [a, c-i-o\ (a, c), ( -a, c-a), and verify your result 
geometrically. 

11. AOA', BOB' are two perpendicular diameters of a drcle, and 
iV, N are the middle points of OA,. OB respectively. Taking these 
diameters as axes of coordinates, write down (I) the equations of the 
straight lines AN, B'M; (l) the equations of the radii drawn to the two 
points where AN, B'M produced cut the circumference of the circle. 

What is the angle between the Iwo radii ? 

12. Prove that the polar equation of a parabola, with the focus as 
pole, may be written in the form 

Im- 
prove also that the equation of the polar of a point, whose coordinates 
are (r', fl'). is 

fr'sinflsinfl'-hai(rcosS-*-r'cosS') = 4f^ 
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13, Find the equation of the straight line joining two points 
ellipse whose eccentric angles are given. 

If tangents are drawn to the ellipse at two points, whose e 

angles differ by Ii0°, show that their point of intersection will always lie 
on a similar and similarly situated ellipse, whose axes are twice as long as 
those of the given ellipse. 

14. Find the equation of a hyperbola, of eccentricity j, which has one 
focus at the point (a, o), and the equation of the corresponding directrix 

xe, and the equation of the other 
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VI. MECHANICS. 

\FuU maris may be oblainrd for about two-thirds of this paper. Great 
impotiance is attached to accuroiy. N.B. — g may betaken = 32.] 

1. If OA and OB lepresent two forces in direction and magnitude, 
lind the line OR representing their resultant. 

If OCand OD be two equal lines cut off from OA and OB respectively, 
and if OR meet CD in C, find Ihe ratio of CG to GD. 

2. A rod AB, whose centre of giavit; is nt C^, is supported at an 
angle of 43° to the vertical, with one end A in contact with the smooth 
vertical wall AD, by a string attached to the point C of the rod and also to 
a point in the wall. 

AB=-f, AC=\', AG=i^. 
Find graphically the length of the String and its (enuon in terms of the 
wright of the rod, which is 55 oxs. 

3. The horizontal rod BEC and the rod DE being without weight, 
and the latter perfectly rigid, find graphically the actions at B and E when 
the weight 150 lbs. is suspended from C. BD is vertical and 

SCSI'S, BE=-9, DEMI'S, BD=i-2. 

4. Find the relstioo between the power and the weight in the smooth 
wedge whose transverse section is an isosceles triangle. If the pressure 
between the wedge and the separated points in contact with it be pro- 
portional to the distance between these points, prove that the work done is 
proportional to the square of the distance of penetration. 

5. The uniform square ABCD rests vertically with the side BC upon 
a. horizontal plane, coeflicieni of friction J, and has a rope attached at D 
and passing over a small smooth pulley at the point E in BA produced till 
BA is equal to AB. If the rope be pulled, find whether the initial motion 
of the square will be tilting or. sliding. 

6. Apply the laws of motion to determine the path of 1 projectile. 
From a given point in a railway carriage, moving with uniform velocity 

in a straight line, bullets are fired continuously with a constant velocity at 
right angles to the rails, and with a constant inclination to the horizon. 
Find the locus at any instant of all the bullets which have not reached the 
ground. 

13 
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•J. Fiod the acceleration down a smooth inclined straight line. 

Two particles slide down two straight tines, in the same vertical plane, 
at right angles to one another, starting simultaneously from their point of 
intersection ; prove that their distance apart, at an; time, will be equal to 
the distance either would have descended vertically in that time. 

8. What is the experimental principle assumed in determining the 
velocities of two given elastic balls after direct impact ? If the elaslidty is 
perfect, prove that the total kinetic energy is unaltered by impact. 

Prove also the converse of this proposition. 

9. Two equal and perfectly elastic spherical beads, each of radius r, 
strung upon an inexlensible siring, are placed on a smooth table and are 
drawn apart to the greatest possible distance a between their centres. One 
of them is then projected directly towards tlie other with a given velocity u. 
Determine their distance apart, and their velocities, at any time / &om 
projection. 

Write down the equation to the path of their centre of gravity, supposing 
ihe table removed at the instant of projection. 

10. Two given weights are connected by a string passing over a smooth 
pulley. Determine their acceleration and prove that the resultant pressure 
between the string and pulley is less than it would have been if half the 
sum of the weights had been suspended at each end of the siring. 

11. Define the terms Work, and Energy (potential and kinetic), 
stating the units commonly used in each case. 

A shot of 6 lbs. weight leaves the muzile of a gun of 6 cwt. in a 
horizontal direction with the velocity of 1000 feet per second. Find the 
potential energy of the charge in the ordinary units, assuming that the gun 
is perfectly ri^id, its bore smooth, and the carriage free to move on a 
horizontal plane. 

How would the concluMon be affected in the absence of any one of these 
assumptions. 
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MATHEMATICAL EXAMINATION PAPERS 

POR ADUISSION INTO 

JRjf^&\ ^iUtars Jicabems, SEoolluich, 
November, 1892. 

obligatory examination. 



I. EUCLID (Books I.— IV. and VI.). 

[OnHnary abbreviatiam may U employed, but the method ef proof mtist 
ie geometrical. Proofs other than Euclid's must not violate Euclicts 
sequence of propositions. Great importance viill be attached to accwacy.'\ 

I. Make a triangle of which the sides shall be equal to thiee given 
straight lines ; and show that if A^ be a liiangle with the vertical angle 
at A greater than either of the base angles, it is not possible to form a 
-second triajigle with sides equal to those of ABC and base equal to twice 
BC. 

3. Give Euclid's Axiom on Paridlels, and (hose on the addition and 
subtraction of equals to and from equals and unequals. 

Prove that if a straight tine fall on two parallel straight lines, it makes 
the aiternate angles equal to one another ; and the exterior angle equal to 
the interior and opposite angle on the same side ; and also the two interior 
angles on the same side ti^etber equal to two right angles. 

3. ABC being an isosceles triangle, and D any point in the base BC ; 
show that the perpendicuUni to BC through the middle points of BD and 
DCHa^ABaA AC aX J/ ind ^respectively, so that Bff=AX'Bmi 
AH= CK. 
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4. If a straight line be bisected, and produced to any point, the 
rectangle contained by the whole line thus produced, and the put of it 
produced, together with the square on balfthe line bisected, is equal to the 
square on the straight line which is made up of the half and the part 
produced. 

Prove this ; and give its equivalent in algebraical symbols. 

'5- Prove that in every triangle, the square on the side subtending an 
acute angle, is less than the squares on the sides containing that angle, by 
twice the rectangle contained by either of these sides, and the straight line 
intercepted between the perpendicular let &lt on it from the opposite angle, 
and the acute angle. 

If in a quadrilateral ABCD, the square on AB is greater than the 
squares on the three other sides BC, CD, DA by twice the rectangle CD, 
DA, show that the angle ACB is obtuse. 

6. Prove that the straight line drawn at right angles to the diameter 
of a circle, from the eittemity of it, (alls without the circle ; and that no 
straight line can be drawn from the extremity, between that straight line 
and the circumference, so as not to cut the circle. 

Give the corollary to this proportion. 



If the diagonals of a quadrilalerfl inscribed in a circle cut at li^ 
angles, show that the angles which a pair of opposite sides of the quadrila- 
teral subtend at the centre of the circle are supplementary. 

8. If from any point without a drcle two stra^ht tines be drawn, one 
of which cuts the drcle, and the other touches it ; prove that the rectai^le 
contained by the whole line which cuts the circle, and the part of it without 
the circle, is equal to the square on the line which touches it. 

9. Inscribe a circle in a given triangle ; and indicate the conslructloii 
when the drcle is required to touch one side extematly. 

■a Inscribe a regular pentagon in a given circle. 

If a regular pentagon and a regular hexagon be on the same bu« and 
OD the same ude of it, prove that the poitagon is wholly witUii tbc 
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tl. In a right'angled triangle, if a papeDdiculor be drawn from the 

r%ht angle to the base, prove that the triangles oo each ade of it are 
similar to the whole tiiangle, and to one anolber. 

li AB, BC be two sides of a r^ular fignte, L and M their respeaive 
middle points, and O the centre of the inscribed circle, show that the 
triangle BLMh.&s to the triangle OLM the duplicate ratio of that which a 
side of the Ggure has to the diameter of the circle. 

iz. Prove that in equal circles, angles, whether at the centres or 
circumferences, have the same ratio which the circumferences od which 
they stand have to one another. 
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n. ALGEBRA. 

(Up to and including the Binomial Theorem, the theory and 

use of Lf^aritbms. ) 

[N.B. — Great imfortatKC ivill be attachtdio tucumiy.] 

I. Multiply 

4jc' + 2i'3a-ai)x+ga' by 2^-30, 
and divide 

i6t^-SaPic+^^ by 3a-</ic. 

X. Extract llie square root of 

'3. Detine the meaning of the symbol ^, and liom your definitbn 
show that -7 = — Tf where a, 6, « are positive int^ers. 

Arrange in older of magnitude, a, b, n being positive integers, 
lo (w+llfl "a ("-1)1 

(»+!)*' itb • (n~l)*' n* ' 
and justify your arrangement. 
4. SimpUly 

\t^ + Jar - 2a' ~ 2J? + j(u:+3a*J ' 

(111.) 



2(a->-^t 

5, Find the value of 



1 "m '''^"' ' = ''('+2^l> 



o the umplest possible surd form. 
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6. Solve the equations 



(ii.) aajc-'dy = ^, bxy = tf, 

(ui.) \/sjr-l4 + \/jar-l3 = »s/J+s/**+l. 

7. Prove that a quadiatic eqnalion cannot be satisfied by more Ihan 
(wo values of (be unknown quantity. 

Inacertain quadtatictbe coefficients of x' and .care I and zieBpeclively, 
and the addition of 8 to each of the roots changes (he sign but not (he 
magni(ude of the third term. Find the original quadratic, and Ihe co- 
efficient of X in the transformed equation. 

8. Insert Ave arithmetic means between a~3i and yx + i. 

The last term of an arithmetic pK^ression is ten times the first, and the 
last but one is equal to the sum of the 4th and 5th. Find the number of 
the terms, and show that (he common dilfereDce is equal to the first tnm. 

9. Find the number of arrangements that can be made of the letters 
of the word it^nile, ( i } when they are taken all ((^ether, (z) when the]' are 
taken four ti^ther so that each arrangement has two vowels and two 



10. Write down the firs( five terms in the expansion of {i -4.1)' by 
the Binomial Theorem, and show that the coefficient of j^ may be written 
in the form 



ti. Prorethat 



,^„H.,U,,(ii),5m),3,m?).„ 

ms of the li^arithm tables supplied, find the fifth n 
66901x337 
7824 
ve places of decimals. 
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III. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of TriangleB.) 

[N.B. — Greai importanci imll bi atlached la aceuracy.'\ 

1. Given that sin ^ = if < And the other trigonometrical ratios of A. 

2. Trace the changes in nagnitade and ^gn of 

(i.) cote, and (ii.) cos0-\'3sinfl, 
. ai B varies from o to 2r, 

3. Prove that 

(i.) sec'A+cosed'A = sec*A.cosed'A; 
!•■ \ sin'..j + cos*^ sinM - cos'^ 

(iii.) lan/- + ^^-tan^^-^^ =2tan2^. 

4. Obtain a formula giving the value of sin— in teems of sin^. 

Show how to get rid of the ambiguilies of angn when A lies between 370° 

and 450°. 



(i) sin/isin(^-C) + sin.ffsin(C-.rf) + sinCwnM-J) = o. 
(li.) !aD{B-0^n{B + C-3A) + ^aiC-A)siBiC-i-A-2St 
+ siMA-B)%itt{A + £-aC)=o. 

6. Find an expression for mt J2°, and calculate its value correctly to 
three places of decimals. 



p:hy Google 



OBUGATORY. PLANE TRIGONOMETRY. QJoT. 1892 



where M=mp-nq, N = nf-i- mq. 

8. Explain how to solve a triangle, having given [wo sides and the 
included angle. 

Given that 3 = 33, c = yi, A = 63° ; find n as nearly as you can, by aid of 
(he logarithm tables supplied. 

9. Find an eipression for tan — in terms of the sides of the triangle 
ABC. 

Prove that, if A is the area of the biangle ABC, 



la The angle of elevation of the top of a towei at a certain spot is 
55°, and at a spot, in the same horizontal plane, 25 yards fiiither from the 
towet the angle of elevation is 47°. Find the height of the tower. 

11. Fmd the area of the sur&ce (including the ends) of a hexagonal 
prism, whose height is S ft, the base being a iq[iilar hexagon with a side 
of length 3 ft. 

12. The radii of the internal and external sur&ces of a hollow spherical 
'shell of metal are 3 ft and 5 ft. respectively. If it be melted down and 
the mateiiai formed into a cabe, find an approximate valne for the length 
of in edge of the cube. 
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IV. STATICS AND DYNAMICS. 
[ The acaltroHtm due le gravity may it taieti ai eguat to yifoot-taond units. ] 

I. Explain how the resultant of two known focces acting on B particle 
may be determined by a geometrical constniction. 

If D be the middle point of the base BC of a triangle ABC, atid the 
resnltant of the forces repiesented by BA, BD he equal to the resultant of 
those represented by CA, CD, show that the triangle ABC ia isosceles. 

3. A,B,C are three points in a straight line ABC. Draw a diagram 
repiesenling the directions of three parallel forces P, Q, X in equilibrium 
acting at these points respectively. State also the necessary and suffident 
conditions of equilibrium. 

A uniform rod, i feet long and weighing 3 lbs. , lies on a borizoDtal 
plane i Rnd the least force which, applied 5 inches from one end, trill 
raise that end above the plane. 

3. Define the moment of a force about a point, and show how it can 
be geometrically represented. 

The side SO of a triangle ABC is bisected in E and produced to E. 
Show that the sum of the moments about E of the forces represented by 
A3, AC i& equal to twice the moment about E of the force represented 
■byAE. 

4. Show that the centre of gravity of a triangular lamba coincides 
with that of three equal weights placed at its angular points. 

A lamina in the form of a right -angled triangle ABC is suspended from 
the right angle C. It CA = 2 feet, and CB= 3 feet, iind the weight which 
must be suspended from A in order that AB may be horizontal in the 
position of equilibrium, the weight of the lamina being 12 lbs. 

5. A smooth rod BC is passed through a small ring and placed upon a 
horizontal plane, with its ends attached to a liied point A in the plane by 
two strings AB, AC, which are tight. A horizontal force being applied to 
the ring, find its direction, and also the portion of the ring on the rod, in 
order that equilibrium may not be disturbed, the lengths of BC, CA, AB 
being 3$, 30, and 15 inches respectively. 
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6. Define a nmcbine, and point oat its use as legariis woik done by it. 
Find the gieatesl vettical bagltt through which a forc« of 150 lbs. can 

TBJse a weight of 4 CWL bj drawing it up a smooth, sloping plank 30 feet 

7. Prove that, if an insect crawl along the minute hand of a clock with 
a velocity equal to that of the eitiemity of the band, it will pass from one 
end to the other in 9 minutes 33 seconds nearly. 



A particle has two velocities, 3i( in a direction from A to B, and Sk in 
a direction from C to A, ABC bdng an equilateral triangle. Find the 
magnitude of its resaltant velocity. 

9. State ibe expression for the space described in time < ty a particle 
projected with velocity «, and subject to an accelerMion a in the direction 
of projection. If i; tie the final velocity, find the space in terms of v, t. 

If u = 20 and a 7 13, the units of time and space being one second and 
one foot, find the space described in the 4th second. 

la. What is meant by the statement that g, the acceleration due to 
gravity, is equal to 32 nearly? 

Show how you would roughly obtain the value of / by observing the 
motion of two weights P, Q, connected by a string passing round a fixed 
smooth pulley. 

DesctilM fully a single observation which would give the value of g ; 
P, Q being 47 and 49 ounces respectively. 

II. A particle is projected in any direction not vertical ; explain 
clearly why it docs not proceed to descritw a straight line. 

The engine driver of an express train throws a ball vertically upwards ; 
show in a diagram the actual path of the ball. 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS. 

\FiUl markt may be ebtamcd for about three-fifths of lAit fiafitr. No 
Candidatt must attempt more than ten queslions. Great imferiarue 
v!iU be aaa^hed to accuracy. ] 

1. A ceitsin cotmdl consists of b chairman, two vice-chainnen, and 
twelve other members. How man; different committees of six members 
can be chosen, including always the chairman and of lout one of the vice- 
chairmen? 

8how that 8190 is the total number of different committees which can 
be formed conasting of the chairman, one (and only one] of the vice- 
cbairmen, and at least one of the other twelve members. 

2. Express as a continued Iraction ihe quotient obtained by dividing 

— \ \ i ■ ^ i \ i 



3. There are six balls in a bag, each of which is known to be either 
white or black. The first five balls drawn are three white and two black. 
What is the chance that the other ball is white ? 



4. A hill in theshapeof aright cone stands on a horizontal plane. At 
B. certain ptunt in the plane the circular base of the cone subtends a right 
angle, and the elevation of the summit is half a right angle. Show that 
the slant side of the hill, as seen against the sky, subtends 60° at the same 

5. The lengthsof the sides of a right-angled trian^e are in arithmetical 
pH^ession. Find the ratios of the sides, and show that the diameters of 
the esdibed circles are in harmanical progression. 
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FURTHER EXAM. PURE MATHEMATICS. [HoT. 1882 

6. Assuming the truth of De Moivte's theorem, prove that 

Also provB that 

where 2j; = sec 9. 

Are these fonnulae trae for all values of 0? 

7. Show how to describe a uooic section, whose focus, directrix, and 

eccentricity are given. 

If a series of conies pass through two Rxed points, P, Q, and if a directrix 
of each pass through a fixed point b PQ produced, prove that the cor- 
responding fod of the conies all lie on a fixed circle. 

8. If the ordinate, tangent, and norma.! at any point of an ellipse meet 
the major axis in N, T, G, respectively, prove that 

(i.) NG:CN:\BC^:ACK 
(iL) SC is a mean proportional between CG and CT. 

9. Prove that the latus rectum of an hyperbola is a third proportional 
to the transverse and conjugate axes. 

If .S Y, the perpendicular from the focus upon an asymptote, be produced 
to meet the conjugate axis in (f, prove that YW'-a a third proportional to 
the coDJugale and transverse semi-axes. 

10. Show bow to express the portion of a point on a plane by means 
of polar coordinates. 

Indicate in a iigure the four points whose polar coordinates are 

respectively, and also the locus of the equation r(4 - 3 sinW) = &t cos 9. 

11. Find the equations of the two straight lines drawn through the 
point (o, a), on which the perpendiculars let bll fi^m the point (an, ia\ 
are each of length a. 

Show that the equation of the straight line joining the feet of these 
perpendiculars is 
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12. Define the terms p^e and pidar with respect to a conic section, 
and find tlie equation of the polar of any point with respect to a parabola. 

If a perpendicular be let fell Itom the pole upon the polar, prove that 
Che distance of the foot of this perpendicular from the focus '\% eqaal to the 
distance of the pole from the directrix. 

13. Find the equation of the tangent at anji point of the ellipse 

oy+f" J* = «'#'. 

If the tangent at P have intercepts / g upon the coordinate axes, prove 



14. Investigate the condition that y = mx, ji = m'x may be conjugate 
diameters of the hyperbola Wr" - a'jfl = 3*i*. 

Find the equation of that diameter of the hyperbola 2x^+xy-)^ = ga', 
which is conjugate to the diameter coinciding with the axis of x, and prove 
that the difference of the squares of these two conjugate diameters is equal 



p:h»Google 



FURTHER EXAMINATION. MECHANICS. [HoT. 1892 



VI. MECHANICS. 

\Fun marks may bi obtained for about two-thirda of this paper. Great 
importance is attac)ud to aecuracy. N.B. — -g may teiaiett = 32.] 

1. Two equal weightless rods, AB and -AC, are hinged togetbei at A 
at an angle of 74°, and placed in a vertical plane, with B and C on a 
smooth horizontal plane. If B and C he connected by a atring, and a 
weight of 30 lbs. be suspended at D, where AD : DC =5:4, find graphi- 
cally the tension of the string. 

2. Four equal weightless rods are hinged tc^ether to form the rhombus - 
ABCDy and the binges A and C are connected by a string. If the 
Tkombus be suspended fi^m A, and equal weights of 1 cnt. each be 
suspended from B and D, find graphically the tension of the string. 

3. Foui equal weightless rods are hinged together 10 fonn the rtiombus 
ABCD, and the binges at B and D are joined by the weightless rod BD. 
The angle BAD ~ 64°. If the rhombus be suspended from A, and a 
weight of I cwt. be suspended from C', find the thrust in BD. 

4. Prove that the centre of gravity ota triangle coincides with that of 
three equal particles at the angles. 

The uniform plane quadrilateral ABCD ri^t-angled at A and obtuse- 
angled at ^ is bisected by the diagonal AC, If it be placed with its plane 
vertical and the side AB on a horizontal plane, prove that the condition of 
equilibrium is ^BM < '^B, where M is the foot of the vertical &om C on 
AB produced. 



5. Explain the construction and action of the screw, and find the 
relation of the power to the weight when there is no friction. 

6. A noiform beam, weight W, laid on a horizontal plane, can be just 
moved by poshing it with a horizontal force J f*V3' Prove that the least 
force which can move it is equal to — , and find the direction of this force. 

If the beam be pulled slowly by a rope attached at one end A, prove 
that A will not rise from the ground unless the inclination of the rope to 
the hoiizontat be 60° at least. 
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fVOOLlV/Cff ENTRANCE EXAMINATION. 

7. A bod; is projected from a given point O, with the vetocity v, at 

the angle o to the horizon ; find its distance from after the time (. 

If any number of such particles be projected from O with the same 
Telocity in different directions, prove that at any subsequent instant they 
will all lie on the sui&ce of a sphere. 

S. Find the horizontal and vertical accelerations of a body sliding down 
a smooth inclined plane. 

If two bodies start at the same instant sliding down two lines in the 
same vertical plane sloping towards the same direction, at angles a and ^ 
to the horizon, prove that each as seen from the other will always appear 
to be moving parallel to a line inclined to the horizon at the angle a+|8. 



If two perfectly elastic smooth spheres, A aird B, impinge upon each 

other directly or obliquely, prove that B'i velodty relative to A, after 
impact, will make the same angle with the line of centres as the relative 
velocity oiA to B did before impact. 

10. Find the acceleration of a particle describing a circle, radius a, 
vrith velocity v. 

A circus horse gallops roond a circle of 30 feet radius, at a speed of 
1 5 milet an hour, prove that the least value of the coeffideot of Mction 
between feet and ground, that the horse may not slip, neglecting the 
distance between the feet and centre of gravity, is 1 very nearly. 

tl. A train weighs JIf tons, and the resistance of fiiction is/ lbs. per 
ton. If the en^e can exert a pull of /* lbs., and the break a resistance of 
Jf lbs., find the distances passed over m attaining a speed of v miles per 
honr from rest, and in slowing down from that speed to rest respectiveljr 
moving on the level. 
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MATHEMATICAL EXAMINATION PAPERS 



Jlogal JftUitarp ^caiemg, SHooIiuich, 
June, 1893. 



OBLIGATORY EXAMINATION. 



I. EUCLID (Books I.— IV. and VI,). 

[Ordinary a^reviatiens may be tmployed; but the tnclhod of proof must 
bt gtBmcMeal. Proofs efker than Eucli^s must not violate Euclid's 
sequence of propositions. Great importance Uiiil be allacied to accuracy.] 

1 . Define right angle, trapeaum, quadrilateral. 

If two trianRles have two sides of the one equal Co two sides of the 
other, each to each, but the angle contained by the two ^des of one of 
them greater than the angle contained by the two sides equal to them of 
the other, the base of that which has the greater angle shall be greater than 
the base of the other. 

ABCD, £^C^are quadrilaterals in which the sides ^S, BC,EF,FG 
are all equal to one another ; and the angles at C, D, G, H are right 
angles. Show that if the angle at ^is greater than that at B, then is EH 
greater than AD. 

2. What is the magnitade of the angle of a regular Ggnre of n sides? 
Three regular liguies, of «,, Xg, and n, sides, have one vertex in 

; and just fill the whole space at that vertex ; show that 
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WOOLWICH ENTRANCE EXAMINATION. 

3. Describe a square on a given straight line. What does the 
demonstration Indicate concerning a parallelr^ram which has a right angle? 

4. If a straight line be divided into any two parts, the square on the 
whole lice is eqnal to the sqnares on the two parts, together with twice the 
rectangle contained by the two parts. 

What is the equivalent or this in algebraical symbols ? 

5. If ID the triangle .45C, which has the obtuse angle ACR, AOhe 
drawn perpendicular to SC produced, the square on AB is greater than 
the squares oD AC and CB by twice the rectangle BC, CD. Prove this, 
and give the value for the square on AC in terms of the sum of the squares 
on AB and BC and a rectangle under s^ments of the base. 

In a quadrilateral ABCD, AC is equal to CD, AD is equal to BC, and 
the angle '4(75 is supplementary to the angle •4Z>C; show that the square 
on AB is equal to the sum of the squares on BC, CD, DA. 

6. If two circles touch one another externally, the straight line which 
joins their centres aball pass through the point of contact. 

7. The opposite angles of any quadrilateral figure inscribed in a circle 
are tt^ether equal to two right angles. 

ABC is an isosceles triangle in which ^^ is equal to AC; and viZ) is 
drawn to meet the base BC in D ; show that the centre of the circle 
described round ABD is at the same distance from AB that the cetitie of 
the circle round ADC is from AC. 

8. Define tangent, similar segments of circles. 

If a straight line touch a circle, and from the point of contact a straight 
line be drawn cutting the circle, the angles which this line makes with the 
line touching the circle shall be equal to the angles which are in the alternate 
segments of the circle. 

9. When are rectilineal figures said lo be inscribed in and described 
about 3. circle? 

About a given circle describe a triangle equiangnlar to a given triangle. 

10. Inscribe an equilateral and equiangular hexagon in a given circle. 
Show that the regular heiagon inscribed in a circle is three-fourths of 

the regular heiagon described about the same circle. 
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OBLIGATORY. EUCLID. 



1 1. If the ^des of two triai^les, >boiit each of (heii angles, be pro- 
portionals, the triangles shall be equiaDgulai to one anoth;i and shall have 
those angles equal which are opposite to the homolc^ous sides. 

iz. Similar triangles are to one another in the duplicate lalio of their 
hon]ol<^aus ddes. 

ABC is a triangle with an obtuse angle at A ; and AM, AN are drawn 
to meet the base BC in M and N respectively, so that the angles AMB, 
ANC are each eqaal to BAC; show that BM has to NC the duplicate 
ratio of that which AB has (o AC. 
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WOOLWICH ENTRANCE EXAMINATION, 



II. ALGEBRA. 

(Up to and including ihe Binomial Theorem, the theory and us 
Lt^rithms. ) 

[N.B. — Griat importance will be allachtd to acfuracy.] 

1. Resolve into real elementary factors 

2. Divide (x +y]' - x^ ~jfi by x^+xy-^jfl. 

J. Find the Highest Common Factor of the expressions 

j:*-3Jc'+icw*- iij:+i5 and 3r'-7a^+i;j*- j- lo. 



^T7'"^F:r 



■^3 sl3 Jz V3 

V3+VS+'^7 V5+V7-^3 V7+v'3--./S sIl+^S-sU' 



m.) 

5. Obtain the square root of each of the expressions : 

(L) 9**-4ic'+37j:' + z&i:+4, 

(ii.) 9-J77. 

6. Prove that the fonn of the expresdon 



(^ 

is unaltered by the substitution of for x. 

7. Solve the equations 

(il 3^ + S 5^-' _ 4-r-3 SJ + ' 
"■* 13 n J 5 6 ■ 

(iii.) s?+xy+}^-l% x*-\-xy+y^=lil. 
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OBLIGATORY. ALGEBRA. 



8. Mo. and ^ be (be roots of the qoadratic eqiuiioa 

prove that 

+ ^ = --, and 0^=-; 



and also construct the quadratic whose re 



9. The sum of five numbers in arithmetical progression is 10, and the 
sum of their squares is 60 ; 6nd the numbers. 

10. Prove that if 
then either 

11. Wiile down Ihe lirsl negative lerm tn (he expansion of (1 + 2)' 
with the aid of the Binomial Theorem, taking x to be a positive quantity. 

13. Explain how to deduce the value of the logarithm of a number to 
any given base, &om the logarithm of tbtlt number to base 10. 

Find, with the aid of the tt^arithmlc tables supplied, an approximate 
value for the incommensurable root of the equation 
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III. PLANE TRIGONOMETRY AND MENSURATION. 

(Inclndbg the Solution of TrisDgles.) 
[N.B.— (7«iM imfartanu viUl be attached to accuraiy.] 

1. Define tlie drculu measure of an angle, and, assuming that r = V> 
And, to three places of decimals, the number of degrees in the unit of 
ciicalai measure. 

Also find, to three places of decimals, the number of degrees in the 
angle whose circular measure is '63. 

2. Write dowD the expressions for s\Ti{A + B} and cos{A + B) in tenns 
of the sines and cosines of A and B, and prove the formula 

, , , „, lan^ + tan^ 
I - tan ^ tan ^ 
Hence prove that 

tani5* = a-V3 ""d taii7S'' = 3 + J3. 

3. If ^n <4 = ^T, find the values of sin lA, cos 2A, and tan aA. 

4. Prove the formula: 

(i.) cosec3^ = eol/*-cot3^. 



5. Fmd an expression for all the angles which have the same 1 
as a given angle. 

prove that tf = «t ^ or m- + — , 

where n is any integer. 

6. If A, B, C are the angles of a triangle, prove the formulx 

(L) iin^+sinJ+sinC = 4cos|cos|cos|. 

0,) cot^ + cotf-^cot^^cot^cotfcot-^. 
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OBLIGATORY. PLANE TRIGONOMETRY. [June, 1898 

7- A tower stands on a horizontal plane, and it U observed that at a 
position on the plane, distant 337 feet from the foot of the tower, the angle 
of elevation of the top of the lower is 37° 15' ij"; find, to two places of 
decimals, the height of the tower. 

8. Prove that, for a triangle ABC, 



Having given thai 

a = I4S, b = 83S, I = 200, 
calculate the angle A. 

9. Find expressions for the radii of the inscribed and escribed circles 
of a triangle ^JC 

If ''> '11 ''v 's' represent these radii, prove that 
-^ = taj.>-. 

10. A spectator on one side of a straight road is looking in the 
direction perpendicular to the direction of the road, and observes thaj a 
telegrai^i post is exactly opposite and that a is the angular elevation of the 
top of ihb post. He then turns round and observes that ^ is the angular 
elevation of the next post. Assuming that the height of each post is the 
same, and (hat c is the distance between the posts, prove that the height of 
each is equal to 

i-tanotanp-rVtan%~tan*^ 

11. Two cylindrical vessels are filled with water; the radius of one 
vessel is six inches and its height one foot, and the radius of the other is 
eight inches and its height one Ibot and a half; find the radius of a 
cylindrical vessel eleven indies in height which will just contain the water 
in the two vessels. 

iz. Having given that the length of each edgeof a regular tetrahedron 
is four inches, determine, to three places of decimals, the number of square 
inches in the total surlace of the tetrahedron. 

Also lind the number of cubic inches in the volume of the tetrahedron. 
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WOOLWICH ENTRANCE EXAMINATION. 



IV. STATICS AND DYNAMICS. 

I. Enunciate and prove the proposition known as the "Polygon of 
Forces." 

OA, OB, OC are three straight lines inclined at angles of lio" to one 
another ; a force of jPacts from A lo O, a force of 4/* from O lo B and a 
force of 5/" from to C. Show by a carefully drawn figure how you 
would giaphically determine the magnitude and direction of the resultant of 
the three forces. 

z. B, C are [wo smooth rings fixed in space at a distance apart = 25 
inches, B being 9 inches, and C 16 inches above the ground. A string 
ABCD passes ihrough the rings and supports equal weights W, Wax its 
extremities A, D. Find the resultant pressures of the siring upon the 

3. Two parallel forces %P, tP act at points A, B respectively. Stale 
clearly the position of the line of action and the magnitude of their resultant 
{i.) when the forces are like, and (ii.) when unlike. 

A hoitzontal bar AB, 7 feet long, is supported at its extremities, and a 
man of 150 lbs. weight hangs from- it by his hands, one being I foot from 
A, the other 3 feet Irom B. Find the pressures on the supports due to the 
weight of the man. 

4. Three forces (not parallel) acting in one plane npon a rigid body are 
in equilibrium. Show that if any triangle be formed by drawing straight 
lines perpendicular to the directions of the forces, its sides will be pro- 
portional to the forces. 

A triangle ABC (whose weight may be neglected) rests in a vertical 
plane with the middle points of the i,ides AB, AC in contact with two 
smooth pegs, the tine joining them being horizontal and parallel to the base 
BC. Determine graphically, or otherwise, the point in BC where a weigh! 
Wmay be placed without disturbing the equilibrium ; and if W= 10 lbs., 
and AB, AC and BC be 4, 5 and 6 feet respectively, iind the pressures on 
the pegs- 
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OBLIGATORY. STATICS AND DYNAMICS. [Jane, 1893 

S- Show that if a body be placed on a horizontal plane it will stand or 
fall according as the vertical line through its centre of gp^vity falls within 
oi without the base. Eitplain what is meant by the " base." 



6. Distinguish between the three kinds of levers and give eitaraples 
of each. 

Two levers OA, OB of lengths 3 and 4 feet respectively can turn in a 
vertical plane about a common fulcrum 0, and their middle points are 
connected by a siring whose length is 2} feel. Find the least force which 
applied at A will keep OB horizontal with a weight of II lbs. suspended 
from B. Find also the tension of the string. 

7. " Suppose mud composed of coarser particles to fall at the rate of 
two feel per hour, and these to be discharged into chat part of the Gulf- 
stream which preserves a mean velocity of three miles an hour for a distance 
of two thousand miles ; in twenty-eight days these particles will be carried 
.9: miles, and will have fallen only to a depth oi y fathoms." (Lyell's 
Principles of Geology. ) 

Find the numbers given for x »xiAy in this passage. 

8. Assuming that the space described from rest in time / by a particle 
moving with unilbim acceleration a is equal to \aC, deduce the correspond- 
ing expression for the case when the particle has an initial velocity u. 

If the space described in the fifth and sixth seconds from rest be 25 feet, 
find the acceleration. 

9. . Disdnguish between (i. ) acceleration and accelerating force, and 
(ii. ) the mass and weight of a body ; and investigate an expression for the 
acceleration of a particle sliding down a smooth inclined plane under the 
action of gravity. 

Two particles start simultaneously from rest, the one down an inclined 
plane .^C of length 25 feet, the other down a plane ^Cof length 70 feet, 
the heights of A, B above the horizontal plane through C being 7 and 56 
feet respectively. Find which particle will arrive at Ctirst, and when at 
C how far it will be from the other particle. 

10. Two bodies whose masses are P, Q are connected by a string 
which passes round a smooth pulley ; find the acceleration. 
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Show that, if gf^be added to one of tlie weights in questioD (a), and 
f f^be taken Irom the other, the pressures on the rings will be unaltered. 

II. A particle is projected at an angle of 45° to the horizon with the 
velocitj it would acquire in falling freely for one second ; show in a figure 
the position of the p»rti61e at the end of the first, second, and third seconds 
of the motion ; and taking any unit of length to represent the initial velocity, 
mark against each straight line of your diagram the measure of its length. 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS. 

[Ftdt marks may bt ohtamtd for abeut three-fifths 0/" Mu faptr. No 
CandidaU must atUmpt mere than ten questions. Great importance 

mil be attached to accaraey.l 

I. A moveable circle with constant ladius cuts the V»a Gited straight 
lines APR, AQS in P, Q, R, and S, prove that for all portions of the 
circle the sum of the arcs RPQ aiid PQS is consianL 

3. Factonse the expression 

3. Solve the equation 

If ihe toots of j:*+j°j: + ?=o be a and /5, and the toots of J*+/x+^ = o 
be 7 and i. End the roots oix'+fX'i-q = ora terms of a, 0, y, and t. 

4. Find the number of combinations of n things r together. 

There are 2n letters, of which 2 are a, 3 are i, and so on : find how 
many diffetenl algebraical products can be formed, in each of which the 
sum of the indices of the lettets is 3. 

5. Ptove that the sum of the squares of Che coefGdents of (i-t^r)" is 

and find the sum of the products (nken two and two tt^ether. 

6. Expand li^ti+j-) in ascending powers of j;. 
Prove that the coefficient of x" in the expansion of 

log,(H-:t+Jc'... + *~-') 
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WOOLWICH ENTRANCE EXAMINATION. 

7. Find the third «de of a tiiangte in leims of (he two other sides and 
the included angle. 

Apply the result, or anjr other method, to prove thai if a and ^ be each 
less than t, and x be positive. 



8. Find the radii of the three escribed circles of a triaogle. 

If these circles be discs, fixed in position, and be enveloped by a string 
drawn tight round them, prove that the sum of the straight portions of the 
string will be equal to twice the perimeter of the triangle. 

9. Find the value of 

sina-f-;rsinja + J*sin3a«rfi)i/fB,, j- being <i. 
Prove that 
sin a + j: sin la + j^sin 30 + etc. = sin a+^sinaa-t-y sin 30 + etc. 
\i X and ji are proper fractions satisfying the condition x^^-y = 3 cos a, 

10. From the given point O, any line OP is drawn meeting a given 
straight line AB in P, and through E, a line EQ is drawn at a given angle 
o to OE. Prove that for all directions of OE the line EQ will be a tangent 
to a certain parabola and find the focus and directrix of this parabola. 



If circles be described with centres S and ff, the difference of whose 
radii is equal to the transverse axis, and from E any point on the branch of 
the hyperbola nearer to the larger circle, ES and EN be drawn and pro- 
duced to meet (he circles in Q and E respectively, prove that (he locus of 
the intersection of (he tangents to the circles at Q and X will be a straight 



12, Prove t]iatAx+Ey= C is the equa(ion of as(raight line. 
Interpret (he coDS(an(s when 
(i.) ^ = 1. (u.) 3=1. (iii.) C=i. (iv.) A>+B'=i 
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FURTHER EXAM. PURE MATHEMATICS. [June, 1893 

13. Find the intercepts on (he axes made by the nonnal at any point 
!^,y' on the ellipse 

Hence prove that if M and N be the feet of the perpendiculars upon the 
axes from any point /"of an ellipse, the line J/iVwill be always normal to 
a concentric and similar ellipse. 

14. Fiod the equations of the two straigtit lines conjugate to the 
coordinate axes of j: and j- respectively in the curve 

Ai?-^iBxy^Cy'=\. 
Find the condition that these straight lines should coincide, and interpret 
the result. 
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VI. MECHANICS. 

[^Fult marks may bt obtiuntd for aimit two-thirds irf lAii paper. Great 
imporianct is altachtd ta accttracy. N.B. — grnay betaken = 32.] 

1. P'orces I, 2, 4, 4 lbs. respectively, act along the sides AB, BC, 
CD, DA of a square. Find hj graphical construction the magnitude and 
direction, and point of application in the line BC, of the force which would 
balance the system. 

2. ABCD is a rhombus formed by four weightless rods loosely jointed 
together, and the figure ia stiffened by a. weightless rod, of half the length 
of each, jointed to the middle points of .^.ff, AD. If this frame is suspended 
from A, and a weight of 100 lbs. attached to it at C, find by graphical 
construction the thrust of the cross rod. 

3. A, B are two fixed pegs, B being at a higher level than A, and a 
heavy rod rests on B and passes under A ; show graphically that, the angle 
of friction between the rod and the pegs being the same in bolb, the rod 
will rest in any position in which its centre of gravity is beyond B, provided 
the inclination of AB to the horizon is less than the angle of friction ; and 



for any greater inclination determine graphically the limiting distance of 
the centre of gravity beyond B consistent with equilibrium- 
Verify your result from the equations of equilibrium. 

4. Find the distance of the centre of gravity of a number of heavy 
particles in the same straight line from a fixed point in the line. 

How many like coins, having diameters 20 times the thickness, can be 
piled on a table su that thdr centres may be in a straight line inclined at 
an angle of 45° to the borjion ? 

5, Roberval's balance consists of a parallelogram AA'B'B, loosely 
jointed at the ingles, whose opposite sides A A', BB", are moveable about 
smooth pivots through tbetr middle points fixed in a vertical line, and with 
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FURTHER EXAMINATION. MECHANICS. [June, 1893 

anns CD, CD' rigidly attached at right angles to AB, A'B' respectively. 
Prove (by the principle of work or otherwise) that a weight suspended from 
any point in CD will balance 'an equal weight suspended from any point in 
CEf , in any position of the system. Determine the horizontal stresses at 
the angular points of the parallclt^am. Can you dctennine the vertical 
stresses at the same points? 

6. The trail nf smoke from a steamer on a course due north is observed 
to extend in (he direction E.S.E., while that from another, on a course 
due south, with the same uniform speed, is observed to be N.N.E>; 
determine the speed and direction of the wind. 

7. A steamer starts from a pier, steering eastward with uniform 
acceleration, the wind blowing steadiiy from the south. Show that the 
line of trail of its smoke is an arc of a parabola, with a fixed directrix ajid 
constant latus rectum. 

8. Prove that the velocity at any point in the path of a projectile (i» 
z/aam) is that due to its distance from the directrix. 

If AC, BC bisect the angles between AB and the verticals through 
A, B respectively, and if ^is the foot of the perpendicular from C on AB, 
the least velocity of projection which will carry a projectile from ^ to 5 is 
that due to a height equal to AF. 

9. Show that, if a point moves in a curve with constant speed, its 
acceleration at any point is in the normal at that point, and determine the 
acceleration when the curve is a circle. 

A mass of I lb. is suspended by a string 2 feet long in a railway carriage- 
Show that when the liain is moving round a curve, whose radius is 22 
chains, at the rate of 30 miles an hour, the tension of (he string is increased 
by about ^ oz., and the horizontal displacement of the weight is t in. 

10. Define s.foot-f<iund and a korst-power. 

A locomotive engine, which can work up (o too horse-power, is attached 

ing the total resistance to be constant and equivalent to 10 lbs. weight per 
ton, lind the greatest speed of the train in miles per hour. When travelling 
at this speed the steam is sbtit off ; find the distance and the time in which 
the train would be reduced to rest by the resistance alone. 



IS 
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WOOLWICH ENTRAATCE EXAMINATION. 

II. Prove that the kinetic energy of a system of two masses li 
moving with the speeds u,, u^ in the same straight line, is equal to 



vrhece » is tlie speed of theii centre of mass ; and hence, (hat the kinetic 
energy lost by their collision is equal to 

*' ",flT' '"'"''' 

where e is the coefficient of resilience. 

Account generally fat the energy said to be " lost. " 
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MATHEMATICAL EXAMINATION PAPERS 



IRoQitl ^ilitarg JlcaDemQ, SSooltnich. 

November, 1893. 

OBLIGATORY EXAMINATION. 

I. EUCLID (Books I.— IV, and VL). 

lOrdinaty aibreviations may bt an^Bytd; Imt the nuthod of proof mtisl 
bt gtemdrital. Proofs ethtr than Etieliif] mutt not vielale Eiidufi 
iiquaice of froposiiiem. Great imforlanti viiit te attacked ta acairaty.'] 

I. Any two sides of a triangle are together greater than the thiid side. 

ABC is any rectilineal angle less than the angle of an equilateral 
tiiangle, and £> and £ are two points within it ; tind the points /*and G in 
AB and BC respectively, such that the sum of the lines DF, FG, GE has 

the least possible value. 

3. Eqnal triangles on the same base and on the same side of it are 
between the same parallels. 

Use this proposition to show Ibat the straight line joinii^ the middle 
points of two sides of a triangle is parallel to the third side. 
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WOOLWICH ENTRANCE EXAMINATION. 

3. Describe a parallelograni equal to a given leclilineal figure, and 
having an angle equal to a given rectilineal angle. 

4. If a straight line be divitJed into two equal, and also into two unequal 
parts, the eqaares on Ihe two unequal parts are together double of the 
square On half the tine and of the square on the line between the points of 

Express the proposition as an algebraical fuimula. 

5. Draw a straight line from a given point, either without or in the 
drcumference, which shall touch a given circle. 

From a given point /■ without the circle ^5C, draw astraight line PAB 
cutting the circle in A abd B so that AB ma; be equal to a given straight 
line D. 

6. Distinguish between the angle of a. segment and the angle in a 

segment and define similar segments of HtcUs. 

^flCZI... is a straight line, on parts of which AB, AC, ^Z>, ...limilar 
s^ments of circles AFB, AGC, AHD, ... are described ; show that (l) all 
these circles have a common tangent at A, (3} any straight line AFGH ... 
drawn &om A and cutting the circles in Ft G, //, ...cuts off similar 

segments. 

7. On a given stmight line describe a segment of a circle containing 
an angle equal to a given rectilineal angle. 



8. Describe a circle about a given triangle. 

Point out and prove any facts concerning the opposite angles or ddes of 
a quadrilateral (l) inscribed in, (2) described about, a circle. 

9. When is the first of fout magnitudes said to have the same ratio to 
the second that the third has to the fourth P 

Illustrate this delinitioD by giving Euclid's proof of the proposition that 
triangles of the same altitude are to one another as their bases. 

10. Paiallelc^rams which are equiangular to one another have to one 
another the ratio which ii compounded of the ratios of their udes. 
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OBLIGATORY. EUCLID. [SoY, 1893 

II. Id any right-ajigted triangle, any leclilineal Gguie described on 
tbe side snbtending the right angle is equal to the similai and similarly 
desdibed figures on tbe sides containing tbe right angle. 

If BFC, CDA, AEB be equilateral Iriangles described exteraally on 
the sides of a triangle ABC right-angled at A ; and if AG be drawn per- 
pendicular to BC to meet 5C in G; show that the Iriangles BFG, CFG 
ate respectively equal la [he triangles AEB, CDA, 
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WOOLWICH ENTRANCE EXAMINATION. 



II. ALGEBRA. 

(Up (o and including the Binomial Theoiem, the Iheoiy and u 
Ix^rithms. ) 

(N.B. — Grtat importance will be attached la aatirac]iJ\ 

I. Divide (.r+>)*+(iS-y)' + (i-j.)" by 3**+^. 

z. Resolve each of the following into three real factors : 

3. Find the Highest Common Factor of 

5a^-i6a* + 20ir+7 and 3(w*-7ii' + 49. 

4. Simplity 



[-ill 5Z3_l./_ 



Vs + ^2 ^/S«>-^/*»J ■ \^/JS + ^/6 ,^60-^/14/' 

5. Find the square root of 

(ii.) 41-^/720. 

6. Solve the equations : 

(i. ) ax-iy= a*. ix — aj' = S'; 

Divide i into two fractions such that the sum of their cubes is i. 
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8. Show that a ralio of gieatet iDcqualit]! b diiniDiibed bjr adding any, 
the same, quantity to both tnms of the ratio. 

9. If ^ is half the Harmonic Mean between a and c, tlien 

10. Prove bf Mathanaikal Indtutiett that, when « is a pofitive integer, 
(3« + i)7"-i is always divisible by 9. 

1 1. When X = I, find the two greatest tenm in the expansion of 

12. Prove that 

log^ X \og,y X log^ = I. 

Show, with the aid of the logarithmic table* supplied, that approii- 

K«A + I(^jj -200149= '■ 
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HE TRIGONOMETRY AND MENSURATION. 

{Including the Solution of Triai^les.) 

— Great impertatKt viill be attached to accuracy.\ 

dius of & circle be 25 feet, find, to three places of decimals, 
\ arc subtending an angle of 3° al the centre. 

IT = 3-I416- 

I B in terms of cos 9, and tan(0 + 0) in terms of tan ^and 

and 0-e = -, find tan^ and lan(* + fl). 

angle term 
sin <1 sin z^ + 2 cos (4 cos 2^. 

j^zcot--cosec- ^'2cot-+cosec- 
d A are two angles, each positive, and less than 90° and 

%i\r?A +2sin'^ =1, 
3 sin 2/4 - 2 un 25 = 0. 
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OBLIGATOKY. PLANE TRIGONOMETRY, [Not. 1893 



5. Prove Ihe fbUowing identities : 

(i.) 2cosec4^ + acot4-4=cot.4-t>n^. 

(iL) (i+5ece + tautf)(i-fco5ec0-l-cot0) 

= a(i+Uui#+cote+sec#+cosec#). 

6. Find the counes of the angles of a triangle in temiE of the sides. 

If the sides of a triangle are in arithmetical progression, prove that the 
middle angle must be less tban 60°. 

7. If ooe side of a triangle be equal to m limes Ihe difference of the 
other two, prove that Che cosine of half the angle subtended by that side 
will be m times the sine of half the difference of the remaining angles. 

& IfiitatriBii^a='3, * = i, C = 53° 7' 48", find t. 

9, What U meant b; the amb^ous case in tbe solmion of i^ane 
triangles and when does it occur ? 

Prove that the sum of the areas of the two triangles satisfying the given 
conditions is known, and lind it in terms of given quantities. 

to. A building on a square base ABCD has the udes of tbe base AB 
and CD, parallel to tbe banks of a river. An observer standing on the 
bank of the river furthest from the building in the same straight line as DA 
finds that theude AB subtends al his eye an angle of 45°, and after walk- 
ing a yards along the hank he finds that DA subtends the angle whose 

Prove that the length of each side of the base in yards is \slto. 

II. A cylindrical boiler, terminated by plane ends, is internally 15 feet 
long and 4 feet in diameter and is traversed lengthwise by 50 cylindrical fire 
tabes, each 3 inches in eilemal diameter, determine Ihe volume of water 
the cylinder could contain, taking r to be ^. 
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12. Supposing an ice field to exist roond one of the earth's poles, 
extending 5° Trom the pole in all directions, find tbe area of the ice liek 
in squDTe miles, taking the earth's radius to be 4000 miles, cos 5° lo bt 
-996195 and ir = ^. 
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OBLIGATORY, STATICS AND DYNAMICS. [Nov. J 



IV. STATICS AND DYNAMICS. . 

[N.B. — The aaeteratian due to gravity is to be takeu = 33.] 

1. Enunciate the proposition known as the "ParaJlelogram of Forces," 
and assuming it foe the direction, prove it for the magnitude, of the 

Four forces in equilibrium acting at a point are represented in mc^ilude 
and direction by AB, CD, AD, CB. Show that A, B, C, D must be the 
angulaj points of a paiallelogram. 

2. Given the magnitudes of the forces acting in one plane on a particle 
and (he angles which their directions make with a given straight tine in the 
plane, find the magnitude of their resultant and the angle which its direction 
makes with the given line. 

Forces of 3, 4 and 6 lbs. make angles of 90°, 60°, and 30° respectively 
with a force of z lbs. (the angles being measured in the same direction). 
Show that the resultant of the four forces is equal lo (8 + 3^/3) lbs. ; and 
find (with the aid of the logarithmic tables supplied) the angle its direction 
makes with the force of 2 lbs. 

3. Define the centre of gravity of a rigid body, and show how its 
position may be experimenially determined. 

A lamina hangs freely in a vertical plane with a point A fixed, and in 
this position a horizontal line BC is drawn upon it ; it next hangs with B 
fixed and a horizontal line through A is drawn cutting BCin C; show that, 
if C be fixed, the lamina will rest with the line joining A, B horizontal. 

4. State clearly the conditions of equilibrium of a system of forces 
acting in one plane upon a rigjd body. 
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A square board ABCD is placed upon a smooth IioTizoatBl table and a 
given force /"acts from E, the middle point of AB, towards F, the middle 
point of CD. Find the magnitudes of three forces X, Y, Z which, acting 
along EC, CA, AB respectively, will make equilibrium with P. 

igate the relation between the power and the weight in that 
eys in which the same string passes round all the pulleys. 

iagram of the case in which there are three pulleys at each 

: ■velocity, and show how it is measured (u ) vrhen UQifonn and 
able. 

moving at the rate of 40 miles an hour, what would be the 
velocity if a yard and a second were the units of space and 



igate an expression for the space described from rest in time t 
ving with acceleration a. 

Id be the expression for the space if the point started with a 



is projected vertically upwards with a velocity of 50 feet per 
will it be at a height of 35 feet above the point of projection ? 
«i11 it be when it is moving with a velocity of 25 feet per 



Id the meanings of the symbols in the equalion E-= Ma, and 
hat the units of space and time are one foot and one second, 
on implied between the other units involved. 

irce *bich acting on a mass of 8 ounces increases its velodtjr 
nute in every second ; and state clearly the unit in terms of 
swer is expressed. 

ig attached to a body of mass P placed on a smooth horizontal 
'er one of the edges and has a body of mass Q attached to its 
y. Find the acceleration of the system. 

ided into two equal parts one hanging below the olher.by a 
I, find the tension of this string. 
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OBLIGATORY. STATICS AND DYNAMICS. [HOT. 1883 

10. A particle is projected in a given direction with a given velocity, 
sliow how to find its position and the direction in which il is moving at the 
end of a given time. 

A stone is thrown from Che Cop of a Cower with a velocity of g feet per 
second in a direction making an ai^Ie a with a Ibe drawn vertically 
upwards throngh the point of projection; prove that at the end of two 
seconds the line joining the stone to the point of projection will moke an 
angle of )(t + a) with Che vertical line. 
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FURTHER EXAMINATION. 



V. PURE MATHEMATICS. 

[Full marks may it ailamed far aieul thiee-fifllis ef this fafer. No 
CamUdate musi attempt mart than ten questions. Gnat importance 
■wUl bt attaehtd to accuraey^ 

1. Describe a drcle touching three given straight Unes. 

If a circle be inscribed in an isosceles right-angled triangle, show that 
its diameter is equal lo the encess of the sum of the equal sides over the 

2. Under what circumstances will the solution of two ^mnltaneous 
equations ia too unknown quantities depend upon the solution of a 
quadratic equation? 

Two trains are proceeding in the same direction upon the same line of 
rails, each with uniform speed. The quicker train, which is in front, 
gains - of a mile every minute, and also - of a minute every mile upon 
the slower train. Determine the speed of each train in miles per hour, 
and show that, n being a po^tive quantity, the speed of the quicker train 
cannot be less than 60 miles an hour. 

3. Find the sum of m terms of a geometrical progression. Sum to n 
terms, and also to infinity, the series 

(l+J^r-+Jr(I + J:-r« + J*(I+a:"r» + ...- 

under which 



is expressible in the form of a convet^ent infinite series. 

Show how to expand 

(I+^. + j^ + jrc)-' 

by the binomial theorem, and show that the coefficient of ^y* is equal t< 
the coefficient of the same term in the development of the product 
(y-zfKz-x^x-y). 
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FURTHER EXAM. PURE MATHEMATICS. ClTov. 1898 

5. What is the characterislic of the logarithm of a number? Prove 
the lule Toi assigning the characteristic of a given decimal number. 
Expand \f>g^ in a series proceeding bj ascending powers of 



6. One angle of a triangle is given, and the ratio of the sines of the 
other angles. Show how to find these angles b; a formula adapted to 
If^arithmic computation. 

Find the angles B, C from the data 

7- Express Ibe area of a triangle in terms of its sides. Show that the 
formula involves Euclid's theorem that two sides of a triangle are together 
greater than Ihe third side. 

Find an expression for the area in terms of the soros of first, second, 
and third powers of the sides. 

If the sum of the sides is iz feet, and Ihe sum of the squares on (he 
sides is 50 square feet, and the sum of the cubes on Ihe sides is zi6 cubic 
feet, lind the area of the triangle. 

I right 

A conical tent is live feet high. Find the radius of its base so that the 
number of square feet of canvas maj be equal to the number of cubic feet 
of iipace inside the tent. 

g. Show how to transform from rectangular coordinates to oblique, 
and from oblique to rectangular. 

The equation of a straight line referred to axes inclined at 30° is 
J- = 21+ I. 

Find its equation referred to axes inclined at 45°, the origin and axis of 
X remaining unchanged. 

to. Define an ellipse, and prove geometrically that the sum of the 
focal radii of any point upon it is equal to the major axis. 

II. Points {I, o), (2, o), are taken on the axis of x, the axes being 
rectangular. On the line connecting the points an equilateral triangle is 
described so that the coordinates of its vertex are both positive. Find the 
equations of the circles described upon its sides as diameters. 



13 
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13. Find the equation to the tai^ent at any point of an ellipse, and 
the lengths of its intercepts upon the cooidinate axes. 

In an ellipse of eccentricity tan^, a focal chord is inclined at an angle a 
to the major axis ; show that the tangents at the extremities of the choid 
include an angle - 

lan-i(tBn2psinB). 

13. If a small portion of a hyperbola be given, show how to veri^ its 
hyperbolic nature geomelHcally. 

If two sides of a triangle be given in portion, and its perimeter given 
in magnitude, show that the locus of the point which divides the base in a 
given ratio is a hyperbola. 
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FURTHER EXAMINATION. MECHANICS. [Hot. 1683 



VI. MECHANICS. 

\Fitil marks may be a/ilained for aietU two-lhuds «/ tiii paper. Great 
impBTtanci is attached ts accuracy. JA.^.^gmay betabtit = 33], 

I. Forces are represented in magnitude, direction and position, by the 
sides of a poison taken in order ; piove that they are equivalent to a 
single couple, and (hat the magnitude of the couple is proportional to the 
are* of the polygon. 

3. A aniform beam, 12 feet in length, has a fixed hinge at one end, 
and is supported by a cord, 13 feet long, attached to the other end and to 
a fixed point situated 10 feet vertically above the hinge. Find the tension 
of the cord, assumiog the weight of the beam to be 140 lbs. 

3. A uniform beam AB, so feet long, is supported by props at C and 
I>, two points at distances 4 feet from A and 6 feet from B, reapeclively. 
If a load of I ton be placed at each extremity of the beam, calculate the 
magnitude of the moment which tends to break the beam at the middle 
point of C£> ■■ assuming the weight of the beam to be 2 tons. 

4. A ladder is placed with one end on a rough horizontal plane and 
the other against a rough vertical wall ; find, by geometrical construction, 
or otherwise, tbe limiti[;g position of equilibrium, being given the coefficients 
of friction and the centre of gravity of the ladder. 

If an additional load be placed at any point on the ladder, in this 
limiting position, find whether the equilibrium will be disturbed or not. 

5. Three forces acting on a r^d system are in equilibrium, prove that 
their directions lie in the same plane, and either pass through a common 
pcnnt or are parallel. 

A uniform cubical block is sustained on a rough inclined plane by a 
rope, which is parallel to the plane and is attached to the middle point of 
the upper edge of the cube, which is horizontal. The rope lies in the 
vertical plane, which contains the centre of the cube and is perpendicular 
to the inclined plane. Determine the greatest inclination of the plane 
It with equilibrium. 

IS 
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6. Two particles start simultaneousl)' from diffeienl points, in given 
directions, with uniform velocities. Show, by geomctrica.] constraclion, 
how to find their relative distance at the end of any time ; and determine 
when Ibis distance is least. 

7. Prove that the path of a projectile (in vacua) is a parabola, and that 
the velocity at any point ia equal to that due, under the action of gravity, 
to the vertical distance of the point from the directrix. 

A train is moving with a velocity of 30 miles an hour when a ball is 
dropped bam the roof of one of the carriages to feet above the earth- 
Show how to find the focus and directrix of the parabolic path described 
by the ball, relatively lo the earth. 

8. Enonciate accurately Newton's Laws of Motion. 

A train is moving on a horizontal railroad. Assuming the weight of 
the train (exclusive of the engine) to be izo tons, and the resistance arising 
from friclioD, etc., to be 10 lbs. per Ion, End the tension of the couplings of 
the carriage which is attached to the engine, (l) when the velocity of Ihe 
train is uniform, {3) when it is moving with an acceleration of 4 feet per 
second, per second. 

9. Two imperfectly elastic spherical bodies, whose centres are moving 
in the same straight line with given velocities, impinge on each other : 
show how to find their velocities immediately after the impact. 

Two spheres meet directly with equal and opposite velocities, find the 
ratio of their masses in order that one of them should be bronght to rest by 
the collision, (i) when perfectly elastic, (3) for coefficient of resilience e. 

10. A ball moving with a velocity of 500 feet per second has its 
velocity reduced by 50 feet after penetrating i inch into a plank. Find 
how far it will penetrate into the plank before being stopped, assuming the 
resistance of the plank to be uniform. 
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MATHEMATICAL EXAMINATION PAPERS 

FOR ADMISSION INTO 

^ogal JKilitarji JicaicmE, SSooItntch, 
June, 1894. 



OBLIGATORY EXAMINATION. 



I. EUCUD (Books I.— IV. and VI.). 

Ordinary abbreviation! nay be employid; but tht mitkod of proof must 
bt geometrical. Proafi othir than Euclid's must not violate Euclid's 
sequence of propositions. Great importance will be attached to aeeuracy.^ 



I, The complements ol the panllelograros which are about the 
diameter of any paratletograin, are equal to one anothei. 

A point E is taken in the side AS of the parallelc^ram ABCD and ED 
and EC are joined ; prove that, if the line If^ parallel to AB cuts ED 
and EC in /"and (7 respectively, the patallelc^ram AHKB will he double 
of either of the triangles EDG oi ECF. 

3. If a straight line be divided into two equal parts and also into two 
unequal parts, the rectangle contained by the unequal parts, (either with 
the square on the line tietween the points of section, is equal to the square 
on half the line. 
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4- Divide a given straight line into two parts, so tha.t the rectangle 
contained by the whole and one of the parts may be equal to the square on 
the other part. 

The line AB is bisected in C and produced to D, so that (he square on 
CD is equal to the sum of the squares upon AB and BC, prove that the 
rectangle AD, DB is equal to the square on AB. 

Express the ratio ol BD to AB algebraically, 

5. State, withimt proof, the difference between the square on one side 
of a triangle and the sum of the squares of the two remaining M<ies. 

A point P is taken on the circumference of the circle APB, whose 
centre is 0, and with P as centre, another circle, QAB, is described, 
cutting the former in A and B. If QM be drawn from Q, any point on 
QAB outside of APB, perpendicular to AB produced, prove that twice 
the rectangle of QM and OP is equal to the difference of the squares on 
OQ and OA. 

6. The angle at the centre of a circle is double of the angle at the 



7. The opposite angles of any quadrilateral figure inscribed in a circle 
are together equal to two right angles. 

8. Describe a circle about a given triangle. 

The straight line AB of given length moves so that its extremities are 
respectively upon the two fixed straight lines OC and OZ) meeting at O. 
Prove that the centre of the circle circumscribing the triangle OAB lies 
upon the circumference of a circle whose centre is O. 

9. Inscribe an equilateral and equiangular pentagon in a giveu circle. 

10. If the vertical angle of a triangle be bisected by a straight line 
which also cuts the base, the segments of the base shall have the same 
ratio which (he other sides of the triangle have to one another, and if the 
s^ments of the base have the same ratio which the other sides of the 
(tiaagle have (o one another, the straight line drawn from the vertex to the 
point of section shall bisect the veriical angle. 

11. If four straight lines be proportionals, the rectangle contained by 
the extremes is equal to the rectangle contained by the means ; and if the 
rectangle contained by (he extremes be equal to the rectangle contained by 
the means, (be four straight lines are proportionals. 
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13. The diameter BCA of the circle APQB whose centre ii C, it 
produced through A tti 0, and from O the line OPQ U drawn, catting the 
circle in /'and 0, prove that the triangles OPA and OQB ue dmilat, and 
prove that if the circle circumscribing the triangle PCQ meets OC in D 

(0 The point Z> will be fixed for all directions of the line OPQ\ 
(z) The ratios 0.4 MZ? and OC;C/' will be eqtuL 
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II. ARITHMETIC, 
r working as latll as the answers must be shmen. ] 

8 by 29 '2 5. 

e interest on ^£775 for 34 years at ij per cent, per 

lue of ^1-69375. 

■m of an acre is 28 poles? 

Lctice the value of 13 lbs. 7 ozs. 5 dwts. S grs. of silver 

isC common multiple of 132, 165, 220. 

letal, each edge of which measures | of an inch, weighs 

the length of each edge of a cube of the same metal 

s.? 

o i of a piece of work in 14 days, working to hours a 
ra men must be employed to finish the work in 5 days 
are to work only 8 hours a day ? 

the difference of Ihe squares of any two odd numbers is 
ble of their sum, and that, if the numbers are consecutive 
difference of their squares is a multiple of 8. (K.B. — 
two odd numbers ivhich you like to select, shenu that the 
•for those numbers, and then extend your reasoning to ail 

■ is lo B's money as 3 1 7 ; and if B pays A ^£345, the 
J : S. How much money itas each ? 



2 days what 5 men and 7 lK>ys 
en and 5 boys do the same ? 
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13. A dealer has two sorts of lea, one of which he could sell at \s. Sd. 
per lb. and make 25 pe' cent, on his outlay, the other at 2f. jrf. and make 
lai pef cent. What profit per cent, will he make if he mixes them in 
equal quantities and sella the mixture at is. ltd. per lb. ? 

14. Goods are imported from abroad at an expense equal to 35 per 
cent, of the cost of production ; and the importer makes 15 per cent, on 
his whole outlay by selling them to a tradesman at £7. 151. j/. per ton. 
Find the cost per ton of production. 
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III. ALGEBRA. 

(Up to and including Ihe Bincrtaial Theorein, the theory and us 
LogBiithms.) 

[N.B. — GrecU importatKe will be attacked to aecurai:y.] 

1. Divide x° + x* + 43:^ + 2l^ + xy:-40 liy j:' + 4j: + S. 

2. Resolve into factors tbe expressions : 

J^-Sy, j:=-24Jr)'+l28)», and a^+jy+>*. 

3. Find the Highest Common Factor of the expressions : 

j:*-8.i:'+i3Jc'-3Cu: + 8 and jt'-^**- iia:'-sar + i6, 

4. Provethat ii-c]'> + U-a)' + {a-i)' 
is divirible by li-^){c - o)(a - *), 
and find the olhet factor. 

5. Find the square roofs of the expressions 

(i.) »(« + i)(B+a)(«+3H-i- 
(ii.) 24+Vs7J- 

6. Solve the equations 



7. If a and p ate the roots of the equation 1^ +px + ; = o, prove thai 
a + p = -f and 0^ = ?, and find, in terms of/ and g, the equation of 
which the roots are 



8. At present Ihe ratio of B's age to A's age i! 
30 years' time the ratio will be 35 : 23 ; find Iheii ag 
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g. Find (he least possible positive value of the enptession 

and the greatest passible value of the expiessioa 



lo. If the eiptession j(i - SJr + 6j^)"' be expanded in powers of x, 
prove that the coefficient of jr' is 3' - 2'. 

I[. Write down an expression fOi the number of cnmbiaations of n 
things taken r togethei, and, if nCV represent this expression, prove, by 
general reasoning or otherwise, that 

„Cr = i.C,_„ and „+,Cr = sC,. + hC,_„ 

iz. Having given 

log,oS = -69897oo, Ioe„ 7 = -8450980, and l(«,„ii = 1-0413917, 
find the logarithms, to the base lo, of 385 and f4)< ^^^ solve approxi- 
mately, to two places of dedmtds, the equation 

s'.r'-'^M"'. . 
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IVOOLM^ICH ENTRANCE EXAMINATION. 



IV. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles.) 
[N.B. — Great importatufoiill bi attachid te accuTaiy.\ 

1, Explain what is meatil bjr the circular measure of an angle, and 
lind the circular measure of an angle of x degrees. 

A wire AB, l foot in length, is bent so as to form an arc of a circle 
whose diameter is four inches ; iind the angle subtended at the centre of 
the circle by the chord AB. 

%. Express the Trigonometrical ratios of an angle in tenns of the 
secant, the angle being less than a right angle. 
Ifin a triangle ABCy 

CA = CB=2, and AB=l; 
find the value of 

(sin.1 - cos ^ )(sec /J + cosec A). 

3. Determine the values of the Trigonometrical ratios for an angle of 
60°, and for an angle of 30°. 

A ladder rests against a vertical wall at an angle of 60° with the horizon, 
and when the foot is drawn baclt 18 feet further from the wall the inclina- 
tion to the horizon is found to be 30°. Find the length of the ladder. 

4. Prove that cos(9a° + A'\ = -^\nA for the case when A is less than 
two right angles. 

Write down the values of sin 225°, co5 3lo°, tan 315°, and cosec420°. 

5 Show geometrically that cos(^ + ^) = cos^ cos^-sin-^Mn J, 
where A, B are two positive angles whose sum is less than a right angle. 
Find the value of cos 75°. 

6. Express sin3^ and coe3.4 in terms of s.\aA and cosf4, and show 
that 

cos 3A + sin 3X = (cos W - sin /()( I + a sin J.4). 
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7. Prove the following identities : 

(i.) (j:tana+_j'cota)(j:Cota+_j'lana) = (*+j')' + 4JtiCOt'a«. 
(ii.) cos^cos(2a-ffl = co5«<.-!«t,'(<.-P). 
(iii.) cos a + cos 3a + cos 5a 'f cos 7a = } sin 3a cosec a. 

8. In any triangle ABC find tan}^ in terms of the ddes a,,b, c. 
Find the angles of the triangle whose ^des are proportional to 3, 5, 7. 

9. Show how to solve a triangle when two sides and (i.) an angle 
opposite to one of the sides, and (ii.) the included angle, are given. 

From a boat al sea the angle subtended by the line joining two fixed 
objects A, B on land is observed to be a; after sailing .r yards directly 
towards A the angle subtended by AB is found to be ^, and then after 
sailiog y yards directly towards B, the angle is found to be 7- Plnd an 
expression for the distance AB. 



II. Find the area enclosed by aoo hurdles placed so as to form a 
i^ular polygon of 200 sides, the length of each hurdle being 6 feet. 

13. A leaden sphere one inch in diameter is beaten out into a circular 
sheet of uniform thickness = ilttb inch. Find the radios of the sheet. 
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V. STATICS AND DYNAMICS. 
. [Ytm may astume thai g = it fell ptr second fer sttond.} 
I. State sccurately the principle known as that of the Triangle of 

A particle is acted upon by three forces of given mafinitudes ; show 
how these forces must be arranged so as if possible to produce equilibrium, 

(i.) the forces have magnitudes represented by the numbers, 6, II, 18. 
(ii.) their magnitudes are represented by 8, ISi I7- 

a. Let O be the position of a particle, and OA a right line drawn 
through O. Find the magnitude and direction of the resultant of forces 
proportional to 10, 18, 20, 16, 

acting on the particle, when tbeir lines of action make with OA angles of 

0°, 3O%90°, 135°, 
respectively, all measured in the same sense {Le., all outwards from O, or 
all inwards towards O). 

3; A body whose mass is 530 pounds is placed on a smooth inclined 
plane, the tangent of whose inclination to the horizon is ^ ; find the force 
necessary to sustain the body 

(i.) when this force is horizontal ; 

(ii.) when it acts along the inclined plane. 

4. Deline a couple, and show that its moment is the same about all 
points in its plane. 

Prove that the sum of the moments of any two forces in the same plane 
about any point in the plane is equal to the moment of their resultant about 
the point. 

J. Two parallel farces, P, Q, act on a rigid body ; find the magnimde 
and line of action of their resultant (i) when they act in the same direction; 
(a) when they act in opposite directions. 

Two parallel forces of io and 35 pounds' weight, of opposite senses, act 
on a rigid body, the perpendicular distance between their lines of action 
being 4 inches ; find the resultant. 
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OBLIGATORY. STATICS AND DYNAMICS. [June. 1894 

6. Show how to find the position of the centre of gravity of a given 
system of particles whose masses are fn,, m^ lOg, ... occupying given 
positions. 

At each vertex of a tiiangle is placed a paitide whose mass is piopor- 
tiooal to the length of the opposite side ; show that the centre of gravity is 
the cenlre of the inscribed circle. 

From a thin uoifonn circular pUte of radius 13 inches is cut oat a 
circular plate of radius 5 inches, the centre of the latter heing 4 inches 
distant from that of the former ; find the position of the centre <rf gravity of 
the remainder. 

7. Describe (he screw press, and find the condition for the equilibrium 
of the effort and resistance (" power" and "weight ") applied to it when 
there is no friction. 

8. Define atceltratiBH. State clearly what is meant by saying that^is 
about 3a feet per second per second, and describe any method by which 
this value of ^ has been obtained. 

Which is the greater acceleration, 15 miles per hour per minute, or J 
feet per second per second ? 

9. If a particle moves in a. right line with constant acceleration, a, 
having had an initial velocity, u, show that the distance travelled in time t 
is given by the equation 

s^ul + lal'. 
A bullet is fired vertically upwards with a velocity of 496 feet per 
second ; 3 seconds afterwards another is fired vertically upwards from the 
same point with a velocity of 568 feet per second ; when and where will 
they meet ? 

10. Define an ahsolute unU offeree, and, in particular, the dyne and 
the fffundal. 

What force uniformly applied to a mass of 12 pounds will give it an 
acceleration ofS feet per second per second? (Express the force t>oth in 
pounds' weight and in poundats.) 

11. Froca a given point on a horizontal plane is projected a particle 
with a velocity « at an elevation a ; find the range on the plane. 

If the particle is projected with a velocity of 500 feet per second at an 
angle of elevation whose tangent is f, find the range. Find also the 
magnitude and direction of the velocity 10 seconds after the time of 
projeaion. 
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FURTHER EXAMINATION. 



VI. PURE MATHEMATICS. 
[Full marks niay be eilaimd fyraiffut iwo-\\atds of this faff r.} 
I. Sum up the conditions under which Euclid says that two triangles 

ABC is a triangle and D a point in BC such that AD bisects the angle 
A. If (7 be the centre of a circle which touches AB at A and also passes 
through D, prove that OD and AC are at right angles and find tlie 
magnitude of the angle A OD. 

a. Apply the theory of geometrical progression to the evaluation of a 
mixed recurring decimal. 

Show that the sum of ^ and the series 

Employ logarithms to evaluate the tenth and twentieth lenns of the 

3. A clock strikes at intervals of one second. Determine the intervals 
as they appear to men travelling in express trains at 60 miles an hour 
directlytowardsanddirectlyaway from the clock respectively. Thivtlocity 
of sound may lie taken as 1 100 feet per second, 

4. Find the greatest coefficient in the expansion of 

Prove that the greatest coefficients in the expansion of the trinomial 

have tbe valne 

( 3"+')' 

{»!)•(«+ 1)- 

N.R — »! represents the product h(«- tl{'i -2) ... 3 . 2 . I. 
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FURTHER EXAM. PURE MATHEMATICS, [June, 1894 
5. In any triangle show that, in the usual notalioD, 



6. Find the volume of a pjrrimid on a irUngnlu bas« uid deduce that 
the volame of a sphere is the product of the aiea of its surface and one-third 
of its radius. 

A sphere is cut by a boriiontal plane. If /* be a point in the perimeter 
of the section and A the highest point of the sphere, show that the surface 
of the sphere above the cutliug plane has an area equal to that of a circle 
of radius AP. 

7. In the triangle ABd sides 4, 3, 5 AB produced Is a tangent, EC 
the axis and A C the tangent at Che vertex of a parabola. 

Draw the triangle in your book and consliucl geoinetricallj for (L) the 
focus, (ii.) the directrix, (iii.) the point P on the parabola at which AB is 
tangent, (iv.) the other extremity of the focal chord through P, (v.) the 
^ of the latus rectum. 



8. In an ellipse QQ is the chord of contact of tangents from an external 
point/"; CA'isthe perpendicular on QQ boxa the centre C; and/'Cis 
the perpendicular to QQ, through P meeting the major axis in C. Prove 
that the semi-minor axis is a mean proportional to ATJand PC, 

9. Write down the usual forms of equation to a straight line. 
Through a given point P whose coordinates are (p, q) a straight line is 

drawn intersecting the axes in A and B so that P is the middle point of 
AB. Determine the equation af AB, 



The axes being rectangular investigate the condition that must be 
satisfied by the parameters of the circle in order that it may be possible to 
find a point or points on the circle at equal perpendicular distances from 



a and the extremities 
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Find also the coordinates of the points where the circle is intersected bjr 
those normals to the parabola vhich make an angle of 45° with the axis. 

12. C is Che centre of an ellipse and Bff the minor axis. If ^ be the 

focus which (to origin at the centre and coordinate aies coincident with the 

axes of the ellipse] has a po^tive abscissa ; and ^S be produced to meet 

I P% show that CP makes an angle ^ with the major axis 

2.lan« = (l-M 
d the equation 10 the tangent at any point of the hyperbola 

ngenCs at right angles intersect at P find the locus of P. 



VII. MECHANICS. 



•s may he oHaintd for about two-thirds of this paptr. Great 
ana is attached to accuracy. N.B. — g may ie taiea = ^x-J 

iree forces acting on a particle are in equilibrium, each force is 

to the ane of the angle between the other two. 
IS a quadrilateral, having the angles at A and £> right angles, 
'B. Forces P, Q, and K, acting along AB, CA, and AD 

are in equilibrium. If 



e that the algebraical sum of the moments of a number of 
:eE acting on a particle about any point in their plane is equal 
nt of their resultant about that point. 

irthocenlre of a triangle /iSC. Forces act along .4/", £^, C/", 
)ortionaltosin(.4 + fl), sin(i9 + fl), sin(C+e). Prove that their 
ises through the centre of the circumscribed circle. What is 
8 when the forces are in equilibrium 1 

equal uniform rods, AB, BC, each of weight W, are hinged 
1 smooth hinge at B, and rest on a smooth cylinder of radius *, 
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FURTHER EXAMINATIOff. MECHANICS. [June, 1884 

whose axis is horizontal. The rods touch the cylinder at points distant 
one-thii<] of their length from B. Find the length of the rods, and prove 
that the bending momenl at the point of contact of either rod with the 

cylinder is ---r Wb. 

4. A heavy circular wheel is suspended in a vertical plane from a point 
.£ in a rough vertical walli by a smooth weightless wire through its centre 
O, and rests at right angles to the wall and touching it at the point A, A 
string is fixed to the rim of the wheel and passes over it on the side awraj' 
from A. If the inclination (a) of the wire OB to the horizon is less than 
3^, where tan ? is the coefficient of friction between the wheel and the 
wall, show that a force, however great, applied along the string will not 
tnm the wheel unless the direction of the siring makes with BO produced 
an angle less than 

.m|.-m 
«n(l ■ 
(Positive angles are measured bom OA to OB.) 

5. Find the position of the centre of gravity of a cylindrical bar with 
circular ends, whose density at any point is proportional to the square of 
the distance of the point from the end of the bar. 

A cone of vertical angle 2b tests with its base on a tough plane inclined 
at an angle f3 to the horizon, the coefficient of friction (fi) being greater than 
tan ^. A gradually increasing force is applied at the vertex of the cone 
parallel to the plane and downwards. Show that, when the force is large 
enough to disturb equilibrium, the cone will tilt over or slide down accord- 
ing as tan ^ is less or greater than J (** ~ tan o). 

6. A particle initially at rest is acted on by a force constant in direction 
and magnitude. Prove that the kinetic energy of (he particle at any time 
is equal to the work done on it by the force. 

A particle moves from rest down a rough plane inclined at an angle 3^ 
to the horizon, tan B being the coefficieDt of friction. Prove that in moving 
over a length s of the plane it acquires the same velocity as in falling freely 
through a distance s tan 6. 

7. An engine draws a train whose weight (exclusive of the engine) is 
100 tons. The power of the engine is such that when running on the level 
it exerts a pull of 2 tons weight on the front carriage, and the resistance 
due to friction, etc, is ri'l lbs. per ton. Show that if the en^ne draws the 
same train from rest up an incline of I ta 300 it will in one mbute acquire 
a velocity slightly exceeding 15^ miles per hour. 
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8. A bullet is fired with a velocity of 800 feet pet second. Find (a) iis 
greatest possible range on the horizontal plane through the point of projec- 
tion ; and (f) the height (appro Kim atelyj to which the bullet ascends when 
the range is one-tenth of the greatest possible range, 

9. A mass of weight W rests on the smooth surface of a horizontal 
table, also of weight W, and is connected by a weightless string, passing 
over a smooth pulley at the edge of the table, with a weight 2 Whanging 
freely, which is allowed to fall, the string being initially taut. If the table 
does not move, find the tension of the string, and show that the coefficient 
of McEion between the table and the floor is not less than \. 

10. Two equal imperfectly elastic balls moving in the same straight 
line impkige directly upon one another. Find the change of kinetic energy 
produced by the impact. 

A billiard ball A moving parallel to one side of the table, strikes another 
ball B (initially at test) in the centre. After B has struck the cushion and 
then struck A again, the velocity of A is three-fourths of its initial velocity, 
but in the opposite direction. Show that, if e is the coefficient of elasticity 
between the balls and also between a ball and the cushion, 
■ i' + (" + 3f-4. 
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MATHEMATICAL EXAMINATION PAPERS 

FOR ADMISSION INTO 

^OEid ^ilitar;) ^abemp. SEloolbiich, 
November, 1894. 

OBLIGATORY EXAMINATION. 



1. EUCLID (Books I.— IV. and VI.). 

lOrdimtry aiirevialimt may bt employed, but the methad ef proof must 
be ^ametrieal. Proofs other than Eutlid's muti nul vudati Euilufs 
stqtiaiee of prgpoiitiens. Great importance vrill be attached lo accuracy. ] 

I. Define plane rectilineal ang-lc, circle, gnomon, similar rectilineal 
figures. 

Z. If one side of a triangle be produced, the exterior angle is greater 
than either of the interior oppoute angles. 

3. The straight lines which join the extremities of two equal and 
parallel straight lines towards the same parts are also themselves equal and 
parallel 

ABCD is a quadrilateral ; show that, if the four parallelograms BCDP, 
CDAQ, DABS, ^5C5 be completed, the four straight lines AP, BQ, CR, 
Z>S will be equal and parallel. 

4. If a straight line be divided into any two parts, the square on the 
»vhole line is equal to the squares on the two parts, together with twice the 
rectangle contained by the two parts. 
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WOOLWICH ENTRANCE EXAMINATION. 

ShoiT also that if a straight line be divided iato any three parts, the 
square on the whole line is equal to the squares on (he three parts, together 
with twice the three rectangles whose sides ate the three parts taken two 
and two together. 

5- Describe a square equal to a given rectilineal figure. 

6. If a straight line drawn through the centre of a circle bisect a 
straight tine in it which does nut pass through the centre, it cuts it at right 
angles ; and if it cut it at right angles, it bisects it. 

7. Straight lines in a circle which are equally distant from the centre 
are equal to one another. 

8. If a straight hue touch a circle, and from the point of contact a 
straight tine be drawn cutting the circle, (he angles which this litw makes 
with the line touching the circle are equal to the angles which are in the 
alternate segments of the circle. 

Four circular coins, of different sizes, are placed upon a table so that 
each one touches two, and only two, of the remaining three ; show that the 
foor points of contact lie on a circle. 

9. Inscribe a circle in a given triangle. 

Prove that the centre of this circle lies Inside each of the three circles 
described on the three sides of the triangle as diameters. 

10. Describe a circle about a given equilateral and equiangulai 
pentagon. 

1 1. Triangles which have one angle of the one equal to one angle of 
the other and the sides about the equal angles reciprocally proportional, 
are equal to one another. 

Two straight lines AOC, BOD intersect in and the lines AB, CD 
are drawn. From the giealer of the two triangles AOB, COD cut off a 
part equal to the less by a straight line drawn through the point O. 

Iz. Parallelc^rams about the diameter of any parallelogram are ^milar 
to the whole parallelogram and to one another. 
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II. ARITHMETIC. 

[N.B. — Tht TBOrkiMg as viell ai the answers must be shenon.^ 



Simpbfy H^^IIj^^^A- 

Find the value of (2-37 x -ogs)-!- xaa%. 

A sum of j(rz37- l8/. 4^., lent at simple interest, amounts In three 
to C^lo- OS- H^- What is the rate pei cent. ? 

Find the value in cwts. qrs. aod lbs. of "0334375 of 9i tons. 

Whit traction is aSf cubic inches of a cuUc fiiot ? 

Find the valne of 13 acres 2 roods 17] perches at ^14. i^t. 8^. 

Find the greatest common measure of 10058, 4982, and 9823. 

Justify, from first principles, each step of Che process of addition of 
ralgar fractions and deduce the rale for the addition of decimals. 

What was the cost of goods on which a man lost 30 per cent, by 
selling them For £6^? 

10. A cloct set right at noon on Tuesday loses at the rate of 192 
seconds in 10 hours. What is the true time on the following Friday 
afternoon when the reading of this clock is 2 hours 36 minutes? 

11. Determine, without performing the divisjons, the remainders that 
result from dividing 48909661 by 8, 16, 25, 9, and 11; and give a brief 
explanation of the reason irom which you draw your conclniion in the first 
three cases. 

12. If it costs the same amount to keep 4 horses or 9 oxen, and 5 hoises 
can do as much work as 8 oxen, which will it be more profitable 10 employ 
— 30 horses and 32 oxen, or 1 2 horses and 48 oxen ? 
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13. The incomes of two men would be equa.1 if one were increased 
7 per cent and the otiier diminished l\ per cent., and the sum of tbeir 
incomes is ;f 41S. 19;. What is the income of each ? 

14. Three trains start from a town A at 12.0, 12.5, and 12.10, and 
travelling each at a unifbt;n rate by 3 different routes of the same length to 
a town B, are observed to pa^ a signal box at B exactly abreast of each 
other at J3.50. If at 12.20 the sum of the distances travetsed by the three 
trains is 36 miles 7 fiirlongs, how far from A is the signal box at Bi 
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IIL ALGEBRA. 



(Up to and including the Binomial Theorem ; the theorjr and n 
Logarithma.) 

[N.B. — Gnat imporiaitct tail it attatlUd la aceuracy.\ 

J. Divide jfi-(f by j^-ax+t^. 

Show thai i*- a» is divisible by **+^ + t^, if^+»7a* = a 

2. Express 



'i{'-^-^} 



w*+3«*-32j-48, 
ai* - *• - 6** +*■:• - ji* - 51 + 6. 
Show, by any method, that 

ins i-.r, c-a, o-i as factors, and find the remaining fector. 
Find the values of x, y, e IVom Ibe equations 

3*+4j'+j-i=o, 
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6, Simplifj the equation 



3(*-3) 
and solve it. 

7. Find the condition that the roots of the equation 

shall be equal. 

Determine the values of * for which the equation 

i2(i+a)«»-ia(af-i)i-38i-n=o 
will have equal roots. 

8. Prove that, if a and / are the first and last leims of an arithmetical 
progression containing » terms, the sum of the series is 

W+0- 

The sum of % terras of an arithmetic series is lo, and the sum of 17 
teems is -vj\ find the series. 



in a series ascending bf powers of :i:, as far as jr', by the Binomial Theorem, 
and write down an expression for the n"' term of the series. 

10. A and B are two stations on a railway, 90 miles apart. At the 
same instant one train passes through A towards B and another through B 
towards A, with difierent but constant speeds. They pass each other at C, 
and AC\i\a miles longer than BC; also, the lirst reaches B half-an-honr 
before the second reaches A ; find their speeds. 

1 1 . Define the logarithm of any number to a given base, a. 

Find, from a table of common logarithms, the logarithm of IZ5 to the 
base 4^. Give, without proof, to four decimal places, the value of the 
modulus which converts Ii^erithms to base 10 into It^aritbms to tbe 
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\i. lie is the Napierian base, ]>ro*e, by any method, (hat 

Hence show that, ibr any nnmber, n, 

"*"'{j^*t(ST)"+l(S7)'*-} 



r 
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LANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles.) 

-Great imfortana will bi attaclud to accuracy, t = V' ] 

e that the angle subtended at the centre of a circle by an arc 
radius of the circle is of the same magnitude for all circles. 



e down fomiuUe for sin(^ + £), ix^(A-B), and tan(f4 + ^, m 
trigonometrical fiinctions of A and B. 



. a value of A, positive and less Iban 90*, satisfying the equation 
(sin ,i° - cos ^°)(s«c ^°- cosec^") = a. 

e that for all values of A and B 

QosA + co%B = 2cos^^^co%^^-^. 

m of two angles be always equal to a, wheie a is positive and 
than lSo°, prove that the sum of their co«nes will be never 



e that foe all values of A and B 

. A-B . A-i-B 
cosB-coiA = z%iD — —am——. 

numerically smallest value of 6, different from zero, satisfying 

cos 39 - cos 49 = COS 5fl - cos 6S. 

Bthat sin33' + cDs63° = co5 3°j 
cot ^ cot 5 = 2, 
coa[A-B) = 3cos{A + B). 
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7. In the tiiangle ABC prove (hat 

a cos ^-f* COS/* =c. 
awa.B-biVD.A = o. 

S. Given A = 41', a = 141, * = I7J"S, 

find all solntioiu or the triangle ABC. 

g. From the point O the three straight lines OA, OB, DC are drawn 
In the same plane, of lengths i, 3, 3 lespeclively, and with the angles 
AOB and BOC each equal to 60°. Find the angle ABC correct to one 
minute. 

10. Find the atea of Che greatest circle which can be cut out of a 
triangular piece of paper whose sides are 3, 4, S feet respectivel)'. 

11. A conical extinguisher, whose section through the vertex is an 
isosceles triangle with vertical angle 30°, is placed over a cylindrical candle 
whose diameter is one inch, and rests so that the point of contact of the 
top of the candle with each generating line of the cone bisects that line. 
Find the whole inside surface of the eiiinguisher. 
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V. STATICS AND DYNAMICS. 

[// may he assumed tAai r = ^, and thai g = 33, vi/un afotit and a second 
are Ike units of length and time. ] 

1. Explain wh^ it is that forces can be completely represented by 
straight tines. 

ABCD is a square ; find the resultant of the forces represented by the 
straight lines AB,,AC, and AD. 

2. Enunciate and prove the theorems of (he triangle of forces and the 
polygon of forces, and state whether the converses of these theorems are 



3. A heavy pole, weighing 140 lbs., is carried on the shoulders of two 
m«D, one at each end ; the centre of gravity of the pole being two feet front 
one end and five feet from the other, find the weight supported by each 

Also find what would be the effect of placing each man one foot tiearei 

to the centre of gravity of the pole. 

4. Find the ratio of the power to the weight when there is equilibrium 
in a ^stem of three moveable pulleys, each of which is supported by a 
separate string, and in which the free portions of the strings are vertical. 

Also, if the weights of the pulleys, supposed to be equal, are taken into 
account, find the relation between the power, the weight, and the weight 
of a pulley. 

5. A heavy uniform tod is supported by a string fastened to its ends, 
of double its own length, which passes over a smooth horizontal rail. Find 
the tension of the string first, when the rod is hanging at rest in a vertic»I 
position, and secondly, when the rod is at rest in a horizontal position. 



What is the measure of the acceleration of a body klUng freely when 
ight feet and half a second are the units of length and time ? 
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OBLIGATORY. STATICS AND DYNAMICS. [Not. 1894 

7. A body is projected vertically upwards with the velocity of 856 feet 
per second ; find the greatest height to which it rises and the time in which 
it will return to the point of projection. 

Also find the times, during (he ascent and descent, at which it passes the 
level of 76S feet above the point of projection. 

8. Fiove that the path of a projectile is a parabola, and that, if » is 
the hoiiiontal component of the velocity of projection, the latus rectum of 
the parabola is equal to —^ 

9. The top of the spire of a church, standing on a level plane is 200 
feet above the plane. From a position on the plaoe, at the distance of 400 
feet from the vertical line through the top of the spire, a bullet is fired oif 
so as to pass hoiizonla.11y just over the top of the spire. Find the initial 
direction and the initial velocity of (he bullet. 

10. Find the direction and magnitude of the acceleration of a point 
moving uniformly in a circle. 

A mass of 7 pounds, on a smooth horizontal plane, is fastened to one 
end of a string, 7 feet in length, and the other end is fastened to a fixed 
peg on the plaoe. The string is then straightened, and the particle is pro- 
jected horizontally, at right angles Id the siring, with such a velocity as to 
describe its circular path in 5^ seconds. Find the tension of the string in 
poundals, and also in pounds' weight. 
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FURTHER EXAMINATION. 



VI. PURE MATHEMATICS. 

may hi eblain^ far about two-thirds of this fafier.'\ 

the two perpendiculars, erected al the extremities of an; 
meet any diameter of the circle al two points equidistant 

and contain a rectangle equal to the difference of the 
adius and on half the interval the^ intercept on the 

1 drcle passing through tiivo given points and intercepting, 
segment of given length, 

Lomc^eneous inl^ral fiinction of anf number of variables. 
le most general function, of degree 4, in 3 variables. 

■ease in population be 8 per cent, every decade, the rate 
; constant, find the population of a town of i(x>,ooo 
rs hence. Find also, employing a table of logarithms, 

:oefGcient of xyi in the expansion of 

jal fiinction of i, y, and i. 

le escribed to the side BC of a triangle ABC touch AB 
1 in D and E respectively, prove that AD = AE = half 
es of the triangle. 
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FURTHER EXAM. PURE MATHEMATICS. [Hot. 1894 

The longest side of a triangular plot of gionnd is too jrards, the peii- 
leter is 350 yards and one angle is 40°. Determine the remBmiDg angles. 



f^=/(l+«cos*')-' 
r'=/(l+/cos*"t-i 



in a form adapted to l<^aiithmic computation and evaluate it where 
* = 17° 4'. *' = 33' if, *- = 38° 19', / = 21. 

8. There is a rectat^tar plot of ground. Show how, by means of a 
cord, an ellipse may be inscribed so as to touch the sides at the middle 

Prove the propositions on which the coustruction depends. 

9. Give a geometrical construclioQ for drawing tangents to an hyper- 
bola from an eilemal point, 

10. Find the equation to a straight line passing through %, fixed point 
(h, k\ and making an angle of T/3 with the aitis of x. 

If the straight line rotate, in a counter clock-wise direction, about the 
fixed point through an angle of 1', show that the intercept on the axis of j* 
is diminished by a length equal to -^—h approximately. 

11. If the point (A, U^ do not lie on the perimeter of the circle 

interpret the expression 

geometrically. 

Transpose the above equation to polar coordinates and find the angle 
between the two tangents from the pole. 

13. Find an equation to a parabola. 

Prove, analytically, that, at every point of the curve, the diameter and 
focal radius make equal angles with the tangent 
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FURTHER EXAMINATION. MECHANICS. [Hot. 1894 



VII. MECHANICS. 

\_FlUl markt may bi ebtaiatd far about two-thirds of this paptr. Great 
imporlatKi is attached to aeeuracy. N.B.— ^miiy fc/Oifa« = 32.] 

1. Show how (o find Ihe resullanl of a number of coplanai forces 
acting at a point. 

Forces of magnitudes 3, 4, and 5, act at a point O in directions lying in 
one plane and msMng angles of 15°, 60°, and 135° respectively with a. line 
OA in the same plane. Find to two places of decimajs the magnitade of 
the resultant. 

2. A small ring of weigh! IV, which can move without friction on a 
deodar wire fixed in a vertical plane, is in equilibrium at a point P on the 
lower half of the wire under the action of a force R in the direction of the 
tangent at J" to the wire. If the pressure of the ring on the wire is equal 
to 4 (f, find the magnitude and direction of the force R. 

3. Define the centre of gravity of a rigid body. What assumptions 
with regard to the action of gravity are made for the purpose of (he 
definition? 

ABCDE is a lamina of unifono thickness and density, and of such a 
shape that BCDE is a square, and AB - AE. If the centre of gravity of 
the lamina is in BE, find the ratio of AB to BC. 



Show hovr to arrange three wheels and axles, having radii R and r 
respectively, so that />/ W= f^/M 

5. A body of weight 16 lbs. rests on a rough inclined plane inclined 
at an angle of 30° to the horizon. If a force of a lbs. acting up and parallel 
to the plane is just sufficient to prevent the body from slipping down, find 
the least force in the same direction which vrill balance the maximDm 
£ of the body to motion up the plane. 
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6. State the pioposition known as the " paiallelc^^m of velocities." 
Prove tha.t if H point possesses two independeot velocities repiesented 

\iyX.OA and il . OB, where OA and OB are two straight lines meeting at 
O, (he resultant velocity will be represented by {}>. + ii.)OG, where G is a 
point oa ^fi such thai x.-4G = jt, GB. 

7. A person tows with a velocity of 6 miles an hour across a river a 
quarter of a mile wide, which runs with a velocity of 4 miles an hoar. 
The head of the l»at makes a constant angle 9 with the bank while he 
rows across, and be arrives at a point 36 yds. xfl. lower down the bank 
than the point opposite his starting point. Prove that tan 9 = ). 

S. Prove that if a point moves from rest with a constant acceleration^, 
the distance 1 passed over in a time t is given by j = j^. 

A iKxly falls from the top of a tower, and after 3 seconds another bodj 
is projected downwards with a velocity of 193 feet per second. The two 
bodies reach the ground at the same time. Find the height of the tower. 

9. A balloon when at a height of 3021} feet from the ground b^ns 
to &1I with a uniform acceleration of -^tg. AVhen the balloon is at a height 
of 500^ feet from the ground, ballast to the amount of one-tenth the whole 
mass of the balloon is thrown downwards with a velocity, relative to the 
balloon, of 10 feet per second. Find the time the ballast will take to 
reach the ground. 

10. A particle is projected from a point /* with velocity ii in a direction 
maldng an angle a with the horUon. Prove that the greatest height above 
P, to which the particle rises, is ?^"*° . 

^e 

A stone is thrown from a height of 4 feet so as just to pass horizontally 
over a wall which is 25 yards distant and 54 feet high. Find the velocity 
and direction of projection. 
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MATHEMATICAL EXAMINATION PAPERS 



ItoQttl ^ilitarQ JUaliemQ, SRooItoich, 
June, 1895. 

obligatory examination. 

I. EUCLID (Books L— IV. and VI.). 

[Ordinaiji abbreviatieni may be employed, bul the methed of proof must be 
geomttrital. Proofs other than Euclid"! mutt tiot valatf Eticlufs 
si^uerta of prapesilions. Great wiporiatue vnil be attached to accuracy. ] 

I. If ABC, DEF be two Iriai^les which have the aides AB, AC 
equal to the sides DE, DF, each to each, and also the angle ABC 
equal to the ai^le DBF; then shall the angles ACB, DFE be either 
equal or supplemental;. 

z. Define parallel straight lines, extreme and mian ratio ; and diaw 
some simpJe figure of a mperfides which is not^ae. 

If a slraighl line &I1 on (wo parallel straight lines, it makes the alternate 
angles equal to one another, and the exterior angle equal - to the inCeiior 
and opposite angle on the same side ; and also the two interior angles on 
the same ade together equal to two right angles. 

3. In any i^ht-angled triangle, the square which is described on 
the side subtending the right angle is eqiaal to the squares described on 
the sides which contain the right angle. 
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WOOLWICH ENTRANCE EXAMINATION. 

4. If a straight line be divided inio two equal pajls and also into 
two unequal paits, the rectangle contained by the unequal parts, tt^ether 
with Ihe square on the lioe between the points of section, is equal to 
If the line. 

!-ang1ed triangles, if a perpendicular be drawn liom either 
les to the opposite side produced, the square on the side 
obtuse angle is greater than the squares on the sides 
obtuse angle, by twice the rectangle contained by the 
when produced, tlie perpendicular ^Is, and the stra^bt 
without the triangle, between the perpendicular and the 

ught line, and on ^ C is described an equilateral triangle 
Lt the square on'DS is equal to the squares on AC and 
th the rectangle contained by .4C and CJf. 

iides touch one another extema.U]', the straight line which 
iS'^mll [Hss tluongh the point of contact. 

le the angle in a semiciicle is a. right ajigle ; but the ai^le 
eater than a semicircle is less than a right angle ; and the 

Tit less than a semicircle is greater than a right angle, 
semicircle whose diameter is BC ; D is any point on EC ; 

icular to BDC; EB U equal to AD; and ^ is on DA 

: DE'is equal to AB ; show that CE is equal to CF. 

any point mthout a circle two straight lines be drawn, 
:s the circle and the other touches it ; the rectangle contuned 
ne which cuts the circle, and the part of it without the 
qual to the square on the line which touches iL 

: a circle about a given triangle. 

is Euclid's method for describing about a circle, a r^ular 
^n, 01 quindecagon ? 

this method would not apply to the describing about a 
rle equiangular to a given triangle. 

^t-ai^led triangle, [f a perpendicular be drawn from the 
ie base, the triangles on each side of it are similar to the 
and to one another. 
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OBLIGATORY. EUCLID. 

Similar triangles are to one another in the duplici 



ADOB is the diainetci of a circle whose centre is U ; C is a point 
on the drcumfetence such that CD is perpendicular to AB; and EC, 
EA ate tangents to the circle ; show that 

triangle ECA : triangle OCS : : AD : DB, 
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ARITHMETIC. 

•viitt as tki aimmrs must be shaivii.\ 

iteresl on C^^< at 3i per cent, per annuni 

lbs. to the dedtnal of 5 cwt. 
■^'3- «3^- ^■ 
brm of 246 acres, 3 roods, 24 poles, i 



« measure of 8775 and 12025. 

8 feet long and 7 feet wide, is 4 feet deep ; 
hs 1000 ozs. ; what is the weight in tons 



e reaped by 7 men in a certain time, and 
2 men. Find how many boys would be 
in, for the reapii^ of a field of twice the 

X between any improper IVaction and unity 
»ence between unity and Ihe lecipiocal of 

■ fracHan tiihUh you like to select, show thai 
fractivn ; anil ihta extend your reasotiing 



tate was left to be divided between three 
oportion that A's share was to be to ffs 
Cs as 9; 16; the residue realised £l,^\i. 

itled to ? 
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OBLIGATORY. ARITHMETIC. [Jime, 1895 

iz. If you invest a sum of money in such ways that on one-third of 
it you gain 3 pei cent., on one-fifth you lose 4 per cent., and on the 
remainder g^n 6 per cent. ; what average rate per cenL do you make on 
the whole sum invested ? 

13. Ten yeais ago a man was three times as old as his son, and 
five years hence he will be only twice as old. What are thrii ages 
respectively ? 

14. A larmer bought 6 oxen and too sheep for ,^336 ; of the sheep, 
4 died, and the rest were sold at £i. Js. 6d. each ; and 3 of the oxen 
fetched £1% each. At what price must the remaining 4 oxen have been 
sold if the profit on the whole transaction amounted to 5 per cenU ? 
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' ENTKAf/CE EXAMINATION. 



III. ALGEBRA. 



he Binomial Theorem, the theory and \ 
Logarithms.) 



of T+^-M+i, and oi xtry-'M-i, What b 

:e of these squares when i = \^x + j") ? 









35 + ^- 

y* = l- 

le same birthday, ^'s age is represented, on hii 
IS, by the two right-hand digits of the year in 
he product of /('s age and the number represented 
[gits of the year in which ht was bom gives the 
oid. Find their ages, A tieing older than B. 

an infinite geometrical progressioD whose Gist 

> r subject, and why? 
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OBLIGATORY. ALGEBRA. 



During any year the excess of birlhs over deaths causes an increase of 
h per cent, of Che population, and at the end of the year a fixed number 
A of people emigrate. Prove that at the end of n years a population 
P becomes 

h-P-^A. 

where ;=, + -*.. 

7. Investigate the number of different ways in which n men may 

If two specdtied men are, neither of them, to be at either extremity 
of the row, show that the number of arrangements is 

8. Write down the (i+i)** term in the expansion of 

{« + *)-. 
Find the sum of all the coelScdents ; and show, by using a table of 
logarithms Chat if a + ^= 1 and »= 10, the first term is greater than the 
sum <rf all the remainder if a is greata than (about) '933. 

9. ' Eliminate a from the equations 

jr = log^, y = \ogj:. 
Prove that 

.-,i'°8'| (i'¥')* . ('°e»l' . 

'-'■^ 11 -^ a! + 31 *'■■' 
Employ tables to find the square root of *- to 5 places of dednmls 

10. If 
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y ENTRANCE EXAM/NATION. 



[GONOMETRY AND MENSURATION, 
lii^ the Solution of Triangles.) 

imfertatue vrill be attached to aeruraiy.} 

surement ol angles in circular measure. 
A seconds and its ciicular measure is a, show 
.^ = 306*65x0. 
the values of cos f 1 1 and sec ( tan 7 | dist^arding 

istruct the angle whose cotangent is A, and Rnd— 

i] The sine of this angle ; 

I) The coMne of its half. 

uiy two numbecs, show that the equation 

le of the angle. 

sin B, find the value of tan ". 



+ sin{C-^) = -4sir 
elementary formulx. 



A-B .B-C . C-A 



•'■"■"'-i-tan^tan^ 
->A-Un-'| = tan-'H. 
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OBLIGATORY. PLANE TRIGONOMETRY. [Jnne, 1896 

6. Prove the foniiul* 

cos 3/4 = 4 cos'.^ - 3 cos A, 

7. Show that the sines of the aisles of %. plane triangle aie proportional 
to the lengths of the opposite sides, and deduce the relation 

8. ABC is a plane ttiai^le, and i* a point in the side AB snch that 

AP_m 
BP~ n 
If the ai^le CPB is B, show that 

(fn + »)cot9 = «cot^-mcot ^. 

If the angles ^C/" and 5(7/" are a and ^ respectively, show also that 

(m + H)cot 9 = ni cot a - n cot fi. 

9. Given j = 14, c = 13, and A = 67" 22' 48* in a triangle, find C by 
Ic^arithmic calculation, 

10. The radii of the circular faces of a frustum of a right cone are 
12 and S feet, and the area of its curved surhce is 20*^241 square feet ; 
find the thicdmess of Ihe frtwtum. 

Show that the vertical angle of the cone, of which this is a fhislum, 
is 29° 51' 46°. 
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3 DYNAMICS. 

and thai ^=32.] 

one plane, act at a point, explain 



:s of a square taken in order, and 
tines AB^ BD, DA and AC, and 
, 3 and ^2, act at a point ; find 



les of action intersect, have 
ti^ther equal lo the raomeDt of 

erence of a fised circle ; PM and 
at right angles to one another ; Q is 
e plane of the circle. Show that 
: algebraic sum of their r 



if a body ; and show that a body 
of gravity, 

three particles of equal mass placed 
imina of unifonn thickness cwncides 

iniform, heavy, straight rods, whose 
ht which must be attached to the 
-the fulcrum being at the junction 
lal an^es with the horizon. 

the Effort or "Power" artd the 
inless screw press, when motion is 

10 threads— of a screw is 0-187 »( 
oned from the centre of the screw) 
and the effort is 1 1 '9 lbs. ; lind the 
point of movii^. 



p:hy Google 



OBLIGATORY. STATICS AND DYNAMICS. [Jnne, 1895 

6. Express, in feet per second, the difference between a velocity of 
60 jiicds per hour and a velocity of 3} f«et per minute. 

What would be the aveiage velocity of a body which went 30 yards at 
the lirst rate, and then 35 yards at Ihe second rate ? 

■ 7. Find the acceleration of a particle, which is in a state of unirormly 
varying motion { i ) if (he velocity increases from S feel per second to 8 feet 
per second, while the particle describes a space of 13 feet ; (2) if the spaces 
described in the first and sixth seconds are 7 and 17 feet respecCiTely. 

S. A body slides from rest down a smooth inclined plane of length 
192 feet and height 13 feet ; find 

(L ) the acceleration of the body while sliding ; 
(ii.| the velocity acquired in sliding from the top to the bottom of the 

(iii ) the time taken to get from the top lo the bottom of the plane. 

9. What is the meaning of uniform angular velocity ? Find in radians 
per second the angular velocity of the minute hand of a clock, keeping 

If T\% the periodic time of & particle revolvii^ uniformly in a circle of 
radius r, show that the acceleration of the particle directed toirards the 
centre is ^r 

10. Show that a heavy body projected obliquely in vacuo will describe 
a parabola. 

Find the direction of projection when the range in a horizontal plane 
is 41J3 times the greatest height. 
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FURTHER EXAMINATION. 

VI. PURE MATHEMATICS. 

uirks may he oitaitud for about two-thirds of Ihis fafer. ] 

■e the equations 

{i.) (a-l)(j:+l)(x+a') = j:(o*-l). 



a at p pounds for a certain lime is i pounds, 
rate of interest for the same time is d pounds. 



: index n being a positive integer, show that 

All the coefficients in the expansion of ( I •!-.):)" are integers; 

The coefficients of terms equidistant from the beginning and 

end of the same eipansion are equal ; 
The sum of the even coeffidents equals the sum of the odd 



n"fl + cos"tf, prove that 



Deraon travelling uniformly at the rate of 45 miles per hour 
ight line of railway observes the altitude of tbe top of a distant 
intervals of ten seconds. If two consecutive observations be 
18° 35' respectively, find what must be the height of the steeple 
[t observation may be identical with the first of the former two. 
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FURTHER EXAM< PURE MATHEMATICS. [Jiuw, 1895 

6. AHK is an equilateral triangle, and ABCD is a rhombus whose 
ndes are equal to the sides of the triangle, and BC, CD pass through H, fC 
respectively. Prove that the angle A of (he rhombus is ten-ninths of a 

right angle. 

7. Ijnes aie drawn joiniog Ibe angular points A, B, C of a triangle to 
any point O in its plane. Prove that the lines from the middle points of 
the sides BC, CA, AB respectively parallel to OA, OB, OC, meet in a 

8. Show thai the straight line joining the points (14, 16) and (-zi, 
- 14) passes through the origin, and determine the co-ordinates of the 
points of trisection of this line. 

9. Explain how to find the length of the perpendicular from the point 
{h, i)on the line x cos n ■l-j' sin a = ^. 



10. Prove that 

■ r>+jA-4j:-^+4 = o 

represents a circle, and find the length of its radius. 

Show that the lines x = i, y = 2 each touch the circle, and find the 
other co-ordinates of the points of contact. 



II. Find the equation to a tangent Co the ellipse 



in terms of the eccentric angle of the point of contact- 
Prove that two tangents to an ellipse which are at right angles 
other intersect on a fixed circle concentric with the ellipse. 

12. Find the equation to the tangent at any point of the 
hyperbola xy = fl. 

If r tan 0, ^ col 9 be the co-ordinates of a point on the curve, show that 
the chord through the pobts S and ^, where 0-f ^ is constant, passes 
through a fixed point on the conjugate axis of the hyperbola. 
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WOOLWICH ENTRANCE EXAMINATION. 

13. Given a choid of a. parabola and the direction of the a 
that the locos of the focus is & hyperbola whose foci are at ' 
of the given chord. 

14. Throngh one of the vertices A, and the extremities P, F, of a 
double ordinate of an ellipse ot hyperbola, a circle is drawn cutting the 
axis again in A^ \i G be the foot of the normal at P, prove that GK 
is of constant length. 
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FURTHER EXAMINATION. MECHANICS. [June, 1895 



VII. MECHANICS. 

\^Full marks may be obtained for about twO'lhirds of thu paper. Grtat 
importance is attacked to accuracy. N. B. — g may be laien = 32.] 

I. Find the magnitude of ihe resultant of two forces P, Q oluch BCt 
at a point, the angle between Ihcir directions being 8. 

Find the resultant of two forces 3 lbs. and 5 lbs. which act at an angle 
of 60*; and show that its magnitude will be unaltered if either of the 
given ibices be replaced by a force of S lbs. acting in the opponte 
direction, 

z. State the necessary and aafficienl conditions for the equilibrium 
of three parallel forces acting upon a rigid body. 

A bookshelf supported at its eitremiiies is just filled by two sets of 
books, the boolcs of each set being placed together. One set consbts of 14 
volumes, each ij inches thick and weighing z) lbs. ; tbe other consists of 
t2 volumes, each ij inches thick and weighing 1 lbs. Find the pressures 
on the supports, Ihe weight of the shelf being S lbs. 

3. The weight and centre of gravity of a body, and also of a portion 
of the body, being known, show how to determine Ihe centre of gravity of 
the remainder. 

A figure is formed l^ taking away from a square the triangle whose 
angular points are the middle points of three of the sides. Find Ihe 
position of its centre of gravity. 

4. Slate the laws of Limitbg Frtcdun, and explain what is meant 
by Ihe " Coefficient of Friction." 

A uniform beam AS whose length is la} feet rests with one extremity 
A am rough horiiODta] plane AC and is kept from hlling forwards by a 
cord BC, 10 feet long, whose extremity is attached to a fixed point C in 
the plane, directly behind the beam. If the beam be on the point of 
slipping when AC = AB, find the coeffideni of friction. 

5. Find the relation between the power and the weight in that system 
of pulleys in which all the strings are attached to the weight, the weights 
of the pulleys being equal. 
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WOOLWICH ENTRANCE EXAMINATION. 

If tb«re be one fixed, and two moveable, pulleys, find how &r the 
weight can be practically raised, if ic be initially 34 feet below the lower 
moveable pulley. 

6. Explain how velocity is measuied, and if « be the measure of a 
velodty when s feet and I seconds are the ututs of space and time, find 
its measure when the units aie i' feet and f seconds. 

Compare the velociiies of two particles, one of which describes 9 milesi 
in two hours and the olher 1 1 feet in 4 seconds. 

7. Express the space passed over by a particle moving subject to 
umform acceleration in terms of its initial and final velocities and the 
time occupied. 

An engine-driver reduces the speed of a train (at a uniform rate) ftom 
40 to 30 miles per hour in a quarter of a minute. Find the distance 
passed over in this time, and also the velocity of the train when half this 
distance has been described. 

8. A ball of mass m im|Hnges directly upon a ball at rest of the same 
size but of mass m'. Show that after impact the balls will move in the 
same direction or in opposite directions according as m is > or <C tnt', 
I being the coefficient of elasticity. 

9. A particle is projected from O with velocity w in a direction inclined 
to the horizon at an ai^le a. Prove that the equation of its path is 

j' = jrUnB-^(l+tan'B), 

the axes of x and y being the horizontal and vertical Ibes drawn in the 
plane of the motion through the point of projection. 

Find the velocity and angle of projection of a particle which being 
thrown from the level of the ground just clears a wall 18 feet high at a 
distance of 36 feet from the point of projection, and strikes a wall parallel 
to the former and 60 feet beyond it, at a point 8 feet above the ground. 
The plane of projection is perpendicular to the walls. 

10. A particle of weight W, attached by a string of length L to the 
vertex of a smooth cone whose aids is vertical and semi-vertical angle a 
describes a horiiontal circle on the surface of the cone with uniform 
velodty V ; find the tension of the siring and the pressure on the surface. 
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MATHEMATICAL EXAMINATION PAPERS 



llosal JEUlitarg JUabentg, OSooltDich, 

November, 1895. 

OBLIGATORY EXAMINATION. 

I. EUCLID (Books I.— IV. and VI.). 

lOrilinarj/ aitrevioHans may be tmployid, bat the method ff proof must 
be ^ometrical. Proofs other than Euclid's must net violate EmiuPs 
sequenee of propositions. Cr/at importance luUl be attached to accural f. ) 

1. If two triangles ABC, DEF, have the sides AB, AC of the one 
respeciively equal to the sides DE, OF of the other, and the angle BA C 
equal to the angle EDF, the triangles are equal in all respecU. 

2. Prove that triangles on equal bases and between Ihe same pej^leht 
are equal to one another. 

If two triangles hare equal bases, but the height of one be double the 
height of the other, prove, by Euclid's methods, that one of the triangles 
is double the other. 

W. P. I XX 
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WOOLIVTCH ENTRANCE EXAMINATION. 

3. If the squaie on one side of a triangle be equal to the squares on 
the other two sides tc^eiher, prove that these sides include a right angle. 

4. If a straight liae AB be divided internallj at any point C, prove 
that the square on AB is greater than Ihe squares on AC, CB tc^ether, 
h; twice the rectangle contained by AC and CB. 

If the base BC ol a triangle ABC be bisected at £>, prove that the 
squares on AB, AC are logether equal lo twice the squares on BD and 
DA together. Show that this includes some of Euclid's proportions, in 
Book II., as particular cases. 

5- Show how to divide a given straight line into two parts, so that the 
square on one part may be equal to the rectangle contained by the whole 
line and the other part. 

6. Define a tangent to a circle, and prove that it is at right angles 
lo the diameter of the circle through its point of contact. 

7. Show that any two opposite angles of a quadrilateral inscribed in 
a circle are together equal to two right angles. 

Show that two opposite sides of a convex quadrilateral [>.«., a quad- 
rilateral without re-entrant angles) described about a circle are tc^ether 
equal to the other two sides tt^ther. 

State a sufficient condition that it may be possible to inscribe a circle in 
a given convex quadrilateral, proving your result. 

8. Through a point O interior to a circle two chords AOB, COD, 
are drawn ; prove that the rectai^le AO, OB is equal to the rectangle 
CO, OD. 

9. Describe a circle interior to a given triangle to touch Ihe sides of 
the triai^le. 

Show that four circles can be drawn to touch the sides of a triangle, 
three of them being exterior to the triangle. 

la Describe an isosceles triangle having each of the angles at the 
base double of the third angle. 

II. If Ihe vertical angle ^.4 C of a triangle be bisected internally by a 
line cutting the base m D, prove that the ratio BD : DC is equal to the 
ratio BA : AC. 



p:h»Google 



OBLIGATORY. EUCLID. 



If the perpendicular from C, upon the bisector AD, meet AD in N, 
aaA O be tbe middle point of the base BC, piove that ON is half the 
difference of the sides ^5, AC. 

tz. If in the triangles ABC, DEB, the angles BAG, EDF be equal, 
And the ratio BA:ED be equal to the ratio FD-.CA, prove that the 
triangles are equal. 
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WOOLWICH ENTRANCE EXAMINATION. 



II. ARITHMETIC. 



[N.B. — Thi working as villi as Iht answers must bt skawnJl 

1. Simplily 

S|of3t of a}--6t of 3i-of il 
7t of 3* 

2. Divide 3'4iS by '002193. 

3. What prbeipal, if invested for 3 years at z\ pet cent, per ar 
simple interest, will amount to j^S?;. loi. ^d. f 

4. Find the value of 

x\ of 3i of 4 lbs. 8 oz. 10 dwt. 12 grs, Troy. 

5. Reduce £^. lis. lo\d. to the decimal of 5 guineas. 

6. Find the cost of 176 tons 16 cwt. at ^3. i8j, i ly. per ton, 

7. Find the least common multiple of 383, 231, 165, 105. 

8. A room, 31 ft, 4 in, long, 18 ft. 8 in. wide, and 15 ft. 6 in. I 
is papered with papei 32 inches wide at one shilling a yard. What i: 
total cost ? 

9. If by selling a certain horse for £fA I should lose 28 per cei 
the cost at which I bought the animal, what is my loss? 



less I 



'. Prove that the product of any i\ 
s and four ligures respectively mu 
lan six nor more than seven ligiues. 



imbers which coiksist of three 
a number consisting of not 



II. A cubical box of external dimensions 1 7 inches each way would 
contain crushed ore of the value of ^£421. 171. W, if it were made of 
material I inch thick ; but by mistake it has been made of thicker material, 
and the difference in the value of the ore which it will hold is consequently 
£jfi. iys.6d.; what is the real thickness of the material ? 
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OBLIGATORY. ARITHMETIC. [Hot. 1896 

12. Three persons contribute sums of ^£250, ^500, and ^750 rc' 
spectively, towards a venture, on the anderttandisE (hat ihe profits shall 
be divided in such a iray that the rale or interest which each receivei shall 
be in proportion to the amount of His cootributioQ. -If the profit* for a 
year amount to £1^1, how much will each of them receive 1 

13. A train, going at the rate of 73 miles an boar, overtakes another 
train 192 yaids long, going in the same direction on a parallel litK at the 
rate of 54 miles an hour, and completely passes it in three-fauiths of a 
minute: find the time in which Ihe tiains would have completely passed 
one another, if they had been going in opposite directions, and the lei^h 
of the &£ter [rain. 

14. Supposing the quantity of land under barley in England to be Ihis 
year half as much again as that under wheat, and Ihe quantity under oats 
to be equal to the other two ti^ther ; if the quantity under wheal neat 
year be reduced t^ 25 pet cent, and the quantity under barley increased 
by 5 per cent., the whole quantity remaining the same as l)ef6re, by how 
much per cent, will the quantity under oats be increased ? 
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WOOLWICH ENTRANCE EXAMINATION. 



III. ALGEBRA. 

(Up to and including the Binomial Theorem, and (he theory and use of 
Logarithms.) 

[N.B. — Greal importance -will be lOtached to accura{y.\ 
I. Divide i'+j^-9j:'+3jj:*-7a:-49 by jr't jj:-?. 
z. Find the (actors of 

(L) ^" + 161 + 63. 
(ii.) y-43flV+4^- 
(iiL) ^-i4jr» + 49^-3&r. 
3. Find the highest common &«tor of j^-}i^-5j^-tSx4-4 and 



5. Solve the equations 

(L) .^-rw + 30 = o; 
(ii.) +r+7j'=-i\. 

y-y = 3}' 
(iii.) jfi+y> = s \ 

6. A man leaves half his property to his eldest son, three-quarters 
of the lemflindet to bis second son, and four-fiftlis of what is then left to 
his third son. If Ihere is still £ioa not disposed of, find the amount of 
the whole property. 

7. An express train is timed to run at a uniform speed from a point 
A to a point C. £ is a point on the line such that AB is three-fifths of 
the whole distance AC. In running from A to B the train has an average 
speed 1} miles an hour below its normal amount, and is consequently Iwo 
minutes late at B. The driver arrives punctually at C by running from 
fl to C at an average speed aj miles an hour above the normal amount. 
Kind the normal speed, and the distance from A to C. 
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OBLIGATORY. ALGEBRA. [KoT. 1895 

8. If a, b, c, d are consecutive tenns of ■ georaelrical pK^resMOn 
show that fl' + {i + 0(* + rf) = f' + (a + Ot'' + '0. 

The first term of a geometricBl precession is 1, and the coiDmOD ratio 
is |. Find the sum of the first six terms; and find also (by u^ng log- 
arithmic tables] the number n of terms which must be taken in order that 
the diiTerence between the snm of the first n terms and the sum to infinity 



may be less than - 



:irf' 



9- Show that the least possible value of the expression ^ + ipx + q, 
for real values of *, is y -/*. 

If a, (3 are the roots of the equation :fi-\-ipx^rq = o, find the value 
of (a-^)". 

10. There are six gentlemen and nine ladies at a Uwn-lennis party, 
and two courts aie available. In how many ways can two "double" 
sets {>'.«., two sets of four players each) be made up, esLch pait of players 
consisting of a lady and a gentleman ; the particular courts and sides taten 
by the different pairs not being taken into account ? 

11. Writedown the first siii ceffficieiUi va the expansion of (i -ixf ■ 
Find the greatest term in the expansion of (a + 3^)' when x = %. 

1 3. Prove that log„ xy - \t^ x + \o%^y. 
Find, by using logarithmic tables, the value of 
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WOOLWICH ENTRANCE EXAMIKATION. 



IV. PLANE TRIGONOMETRY AND MENSURATION. 

(Including the Solution of Triangles.) 

(N.B. — Grtat importance viill fc attached W accuracy.\ 

I. WriK down the relation which exisls between Ihe meuuies of m 
angle in d^rees and in radians. 

What is the measure (i.) in degrees (ii.) in radians of an internal angle 
of a regular decagon 7 

3. ProTC geometiically the fbrmula 

sin 3^ = 3sin^ ccsA, when A'\s,< 45'. 
Express I -^*.i4 — cos*^ in terms of sin 2^. 

3. Obtain the value of sin 54°. 

If ran 4fleoae = J + sin5? cos i?, find <M« value of S. 

4. Find an expresaon for all the angles which have a given tangent. 
Find the general value of x that will satis^ the equation 

tanj:-V3cotJr + i-v^. 

5. Establish the identities 

(i.) (cosecW-sin-J)(sec^-co3/l) = (tan^+cot.^)-'. 



* ' U + tan'S)' (l-t-cot'fl)' S""'"- 
(iii.) sin-'i + sin-"A = sin-'S!. 
6, If /* + ^+C= 180', prove Ihat 

eos^ + eosS + cosC-I =4an^si 

and if^+fl+C = 9o% prove that 

Bina.^+sina5 + 3in2C-4cos^ca 
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OBLIGATORY. PLANE TRIGONOMETRY. [Hot. 1895 

7. Find an expresMon for the cosine of half of an angle of a tiiangle 
in terms of the sides. 

Prove that in any triangle 

a cos^ _ b_ ca&B _ c_ cos C 
be o " (a b ab c ' 

%. In any triangle if 
prove that (without r^ard lo sign) 



9. The sides of a triangle aie 337 and 15S, and the contained angle 
is 58° 40' J-tJ*. Find the value of the base, without previously detenniniog 
the other angles. 

10. If r and R are the ladii respectively of the circles inscribed in, 
and described about the triangle ABC, show that 



II. Three hallpennies are placed on a flat table in contact with one 
Another, and with their centres Ibrming an efjuilateial triangle- 
Find the area of the space enclosed between them. If a fine string 
b wound tightly round tbera so thai each of the free portions of the string 
is a tangent to two of the coins, what is the length of the string? 

Diamtler of a halfpenny = otie inch, r - 3"l4r6, .^/j = 1 73205. 
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WOOLWICH ENTRANCE EXAMINATION. 



V. STATICS AND DYNAMICS. 

[ g may bi laHtu = 31.] 
I. Show that forces may be represcnled by straight lines. 
If a straight litK AB tcpTesent a Force of i IK ; constnict the line 

which sha.ll represent a force of 3.72 Ihs. 

Three forces of i. i and n/z lbs., acting at a point, are in equilibrium ; 

find, graphically or otherwise, the angle between the greatest force and 

either of the other forces. 

z. State the necessary and suflicient conditions that three parallel 
forces acting upon a rigid body may be in equilibrium. 

A heavy uniform bar ACDB rests in a horizontal portion upon twi> 
fixed supports C, D, whose distance apart is 6 inches and equal to the 
length of the projectttkg part AC of the bar. If an upward force of a lbs. 
applied at A just lifts the bar off the support C, and a downward force of 
8 lbs. at A justs lilts it off D, find the length and weight of the bar. 

hich are not parallel, act in one plane upon a rigid 
; prove that their lines of action meet in a point. 
iCD, whose weight is 4 lbs., can turn in a vertjcat 
t A. Find the force which, acting along SC, 
. a position with this side horizontal ; find also the 
1 of the hinge action at A. 

elermine tbe centre of gravity of a system of heavy 

iangular laminie, each of side a, but of different 
■", 7Jf, are placed with their sides in contact and 
le in the middle so as to form an equilateral triangle 
jsition of its centre of gravity, 

n of pulleys with parallel strings by means of which 
reight seven times as great, 

le force be vertical, find through what distance its 
it move in order to raise the weight throt^h J feet. 
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OBLIGATORY. STATICS AND DYNAMICS. [Hot. 1895 

as the " Parallelogram 

From a ship sailing in a north-easterly direction at 15 miles an hour 
it is observed that a second ship is always south of Et ; supposing that this- 
second ship is sailmg eastwards, find the rate at which il is travelling. 

7- A particle starts from rest subject to a given uniform acceleration a. 
Write down the formulse connecting i, the space described, v, the velocity 
acquired, and /, the time during which the motion takes place. 

What will these formula; become if the particle starts with velocity v 
subject to a raardaliim a ? 

8. State the usual relation between the measure of (he mass of a body 
and thai of the force which pioduces in il an acceleration a. Express the- 
unit of force in terms of the units of mass, space, and time. 

At A, B masses of 2 and 3 lbs. are respeclively placed, and each roas» 
is acted upon by a force equal to the weight of the other, and in a direction 
from it towards the other. If they start from rest at the same moment, 
and meet at the end 0/3 seconds, find the distance AB and the velocities 
oftbemassesat the moment of striking. 

9. Two bodies of given masses are suspended at the ends of a string 
which passes round a smooth pulley without weight. Find the acceleration, 
and the tension of the string. 

If the masses be 8 lbs. and 17 lbs., and the former be initially 4 feet 
below the latter, Rnd aiHiei what interval the vertical distance between the 
bodies will be again 4 feet. 

10. A particle is projected with a given velocity and in a given 
direction ; find the range on a horizontal plane through the point of 
projection. 

If the particle pass through a vertical plate at the highest point of its 
path and have its velocity diminished in consequence by one-third, find 
the corresponding diminution in the range. 



p:hy Google 



WOOLWICH ENTRANCE EXAMINATION. 



FURTHER EXAMINATION. 



VI. PURE MATHEMATICS. 
[Fidl marks may 6e abtaimd far about two-thuds of this papa:\ 

1. What is the present value of an annuity of ;^40O pei imnuiQ lot 
20 years, beginning one year from the present date, allowing compound 

2. Two cyclists start together to race from CaTnbri<^ to SaflixHi 
Waldei> and back. The faster rider, wlio maintains a speed of fifteen 
miles per hour, is aj miles ahead of the other on reaching Walden. After 
covering six miles of the return journey, the tyre of the leader is punctured 
and occupies 25 minutes to repair. The other rider passes him 7 minutes 
before he is ready to start again. Find who wins the race, and at what 
pace the slower rider travels. 

3. Show how to lind the greatest term in the expiinsion of (a + .c)'' by 
the Binomial Theorem. 

Employ the Binomial Theorem to find the values of V and -99* to five 
places of decimals. 

4. If m j9 are unequal values of B satislying the equation 



sino + cosa + sinj3 + 

5- ABC is a triangle, and D, E, F, are the middle points of BC, CA, 
AB respectively. If the lengths p, q, r of the lines AD, BE, CF are 
given, solve the triangle. 

If the measurements ai p, q, r are slightly incorrect, and the small 
errors be *//,j'/y, ijr, find the consequent error in the computed value of 
the angle A when y = s = - 2x, and show that the calculated values of i and 
,; are not affected by these errors. 
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FURTHER EXAM. PURE MATHEMATICS. [IIot. 1885 

6. (7 is a fixed point on % drcle, uid PQ a chord of the circle tueb 
that the sum of the squares on OP and OQ is conMant. Show that the 
middle point of PQ lies on a, fixed straight line. 

7. Prove that the perpendiculars from the angular points of a. triangle 
on the opposite ad« intersect in a point. 

This point being called the orthoceotre, lei P, Q, R, S he the orttw- 
centres of the triangles PCD, CDA, DAB, ABC, where A, 3, C, D lie 
00 one and the same circle ; prove that the quadrilaterals ABCD, PQRS 
aie of the same size and shape. 

S. What points are represented by the equations 

Show their relative positions on a figure, and demonstrate that the 
four points are the corners of a parallelogram. 

9. Find the general equation to a straight Une which passes through 
the point of intersection of the two given straight lines 

ax + by= I, lx + oy = I . 
Determine the equation of the straight line which passes through the 
or^n and the point of intersection of the lines 

5i-3j'=ii, x+iy~\a. 

10. Find the equation of the drcle which has its centre at the point 
(9, 4) and passes through the point (i, -2), and show that it also passes 
through the point (3, 13). 

Find the equation to the straight line which is the polar of the origin 
with respect to this drcle. 
It. Show that the line 

always touches the parabola^ = ^ax. 

Show that the middle points of chords parallel to this tangent lie on a 
straight line parallel to the axis of the curve and passing through the 
point of contact of the tangent 

1 1. Find the equation to the chord through two points on an ellipse 
whose eccentric angles are given. 

If ^ be a point on an ellipse. A, A' the extremities of the major axis, 
show that the tangent at P intersects the diameter parallel to APou the 
tangent at A'. 
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13. Prove geometriollr chat the product of the perpeadiculais from 
the foci of an ellipse upon any tangent is equal to the square of the 



14. Show Chat tangents from an exCernal point to a conic subtend 
«qual angles M a focus. 

If the tangent at a point /* of a hyperbola meet an asymptote in Q, and 
SP, drawn from the focus S which lies within (he branch of the curve on 
which P lies, meet the same asymptote in R, show that Che triangle RQS 
is isosceles. 
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FURTHER EXAMINATION. MECHANICS. (NoT. 1885 



VII. MECHANICS. 

\Fiill maris may be ablained for about two-thirds ef this paper. Great 
importance is altacAed to accuracy. N. B. — g may it taien - yt fett ptr 
second per !ciend.'\ 

I. One end, B, at a. light cord is fixed ; the cord passes over ■ fixed 
p^. A, in the horizontal line through B, and Ihe other end, C, of the cord 
hangs down vertically I>elow A. If 2. mass of weight /* is suspended fTom 
C, find the magnitude and direction of the pressuie on the peg. 

z. Give the definitions of the coefficient of friction and the angle of 
Jriction between two bodies. Desciibe also any method by which these 
magnitudes have been measured. 

A mass of 190 lbs. is placed on a rough inclined plane the tangent of 
whose inclination to the horizon is A, the coeftident of friction lieing \ ; 
find the magnitude of the horizontal force which will just suffice to drag the 
body up. 

What is the magnitude of Che horizontal force which will just prevent 
the body from sliding down ? 

3. Define the moment of a force about an axis (or a point, explaining 
when this latter expression may be used). 

A and B are two lixed points in a given plane, lo inches apart ; a force 
P acts through A, but has any direction whatever in the plane; if /'has 
always a moment of 60 inch-pounds' weight about B, give 1 graphic repre- 
sentation of the various magnitudes and directions of P. 

What is the least, and what the greatest, value of /"? 

4. A ladder, AB, 15 feet long, rests against the ground at A and 
against a rough vertical wall at B, Ihe coefficients of friction at A and B 
being g and \ respectively ; the centre of gravity, C, is 6 feet from A ; find 
the inclination to the horizon at which the ladder will be just about to slip. 

If tbe ladder ii placed at an inclination tan"'), and a boy whose weight 
is \ of that of ibe ladder ascends it in this portion, how far will be be aUe 
10 go before the ladder begins to slip ? 

5. Which of the accelerations, 15 miles per hour per z mbutes and 
2 inches per second per second, is the greater ? 
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If a point moves from rest with the lirat of these, thiough how nuuiy 
feet will it move in lo seconds? 

6. If a particle slides down a rough inclined plane of inclination i, the 
coefficient of friction being /i, find its acceleration. 

If tan I - J, and it-\,\a what time will the particle move fi'om rest 
over 1 25 feet of (he plane ? 

7. A mass of 8 ounces bangs (rom a spring balance in a balloon : what 
tendon will be indicated by the balance, 

(ti) if the balloon is moving upwards with constant velocity ; 
{S) if it is moving upwards with sm acceleration of 2 feet per second per 
second ? 

8. Enunciate the two principles on which the solution of the problem 
of the collision of two spheres depends. 

Two spheres are approaching one another, their centres moving in one 
and the same straight line ; Iheir masses ate 10 and 6 ounces, their 
respective velocities 40 and 60 feel per second, and their coefficient of 
restitution is \ ; find Iheir velocities after collision. 

If they are in contact for ^ of a second, find, in inaues' weight, the 
magnitude of the mean pressure between them. 

9. If a particle moves in a circle of radius r with a velocity v, prove 
that it has an inward normal acceleration equal to - . 

e particle is z ounces, the radius of the circle S inches, 
1 points 16 feet per second, what is the magnitude of 
^Ing on the particle in each position, and what is its 

oneous conception involved in the term " centiifiigal 



general way, the kind of effect produced on the 
ile ty the remtance of the air. 
the air can lie neglected when a projectile is fired at 

with a velocity of 520 feet per second, when and 
tile strike an inclined plane pas^ng through the point 
ination of this plane being tan~'A ? 
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MATHEMATICAL EXAMINATION PAPERS 



June, 1896. 
obligatory examination. 



I. EUCLID. 

[On^nary adirtviatiom may bi tmptoyid ; hut the mttkod of proof mtut 
be gesmttrical. Proofs olhtr than Euili^s must not vioiati Euclids 
sequence of propositions. Great importance ■wilt be attached to aceuraey.'i 

I. ASC and DEJ' are two triangles. If the sides BC, CA, AS are 
equal to the ades EJ', ED, DB respectively, prove that the angle BAC 
is equal to the angle EDF. 

1. ABC is any triangle, D any point in^de the tiiangle. Fiove that 
BD and DC aie together less than BA and AC, and that the angle BDC 
il greater than the angle BAC. 

The angle J^C is bisected by a straight line meeting EC \aE,ixAP 
is any point on this straight line within the triangle. Prove that 
(i.) 5^ and .4Carem/»:/tMT/j' greater than 5£ and £C; 
(ii. ) BA and AC are reipecliveiy greater than BE and EC. 

3. Write down Euclid's axiom with tegatd Co para/let straight lines. 

OA, OB are two finite straight lines meeting at O. C and D are any 
two points in OA and OB respectively. Through C and D straight lines 
are drawn at right angles to OC and OD respective!}'. Prove that these 
ttrvight lines, if produced indefinitely in hoth directions, must meet 
W. p. 1 z 
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<mA in a Unite straight line AB, Prove that the square on 
the squares on ^ C and CB, together with twice the cectai^Ie 
CasA CB. 
\ result algebraicalljr. 

! an acute-angled triangle. AD is drawn perpendicular to 
lat the squares on AB and BC aie together equal to the 
ind twice the rectangle contained by BC and BD. 
middle point of BC, piove that the diffeience of the squares 
' is equal to twice the rectangle contained bf BC and MD. 
ird and a diameter of a circle intersect at right anglei, prove 
er hisects the chord. 

meter of a circle, PQ is a choid not at right angles to AB. 
re drawn perpendicular to PQ. Prove that PM-NQ. 
nrcles touch one another externally, prove that the straight 
s their centres passes through the point of contact, 
low to draw tangents to a circle from a given point outside {t 
e points on a diameter of a circle produced, and are at equal 
the centre. /"^ and ^ T aj-e tangents from ^ and C, the 
T lying on opposite sides of PQ. ^taye that PRQT is a 

hat angles in the same segment of a circle are equal. 
D are two intersecting chords of a circle. If the arcs. AD 
^ether equal to the arcs DB and CA, prove that AB and 
t angles to one another. 

how to describe a triangle whose sides shall touch a given 
se angles shall be equal to the angles of a given triangle. 

how to find a mean proportional between two given straight 

i a diameter of a circle, CD is a chord at right angles to it. 
4^dtawn Irom A cuts CD in Q, prove that the rectai^le 
f/'and AQ\s constant for different positions ai P, 
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OBLIGATORY. ARITHMETIC. tJnne, 1896 



IL ARITHMETIC. 



£21 +»»v(oi_'»ui — 1- 



^+2fx(9i-aH)- 



a. Divide '1154255 by ■00115. 

3. In how many years will ^1500 amount \.a £\^%l. 51. t)d. at 2| per 
cent, per annaiD simple intetesC ? 

4. Find the value of '30875 of a mile in iiirlongs, poles, and yards. 

5. E;(ptess the sum of 7I guineas 3^ crowns and sJ Borins as a. fraction 
of;f53- 

6. What is the rental of an estate of 645 acres 3 roods 35 poles at 
£i. \\s. i4. per acre? 



%. Find thecost of acarpel, for a room 24 feet long and 17} feet wide, 
at 3^. yi. per square yard, if a mai^n 2 feet wide be left uncovered. 

9. A watcb is offeied for sole Ibr ^^5. 151. ad. ; and, if that piice is 
reduced by 5 per cent., the dealer who is selling it will still make gj per 
cent. proSt '- bow much did the watch cost him ? 

la Slate the rule for determining the remainder in a division laai 
when it is worked by dividiog by two factors of the divisor saccessively. 
instead of by their product. 

As an example, reduce 107 lbs. to quarters by dividing by 4 and by 7 ; 
and explain why you do what you do to lind how many pounds there are 

II. A roan goes bankrupt with /'1160 assets. His liabilities are the 
present value of three loans, at simple interest, amounting in all to jf 1800 ; 
one of them obtained 8 years ago at 4 per cent. ; another, double of the 
first, 4 years ago at 5 per cent. ; and the third, equal to the sum of the 
other two, a year ago at 8 per cent How much does each of the three 
creditors lose? 

3 
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WOOLWICH ENTRANCE EXAMINATION. 

12. A dstera I3 feet deep, of which the length is double the width, 
holds 31 tons of watei : find the depth of another cistern which is t{ ft 
shorter and 4 ft. wider than the other, and which holds the ssme quantity. 
One cab. ft. weighs 1000 cos. 

13. Talcing the values of zinc and copper to be ^17. 14^. od. and 
jf73- 'SI- oi/. per ton respectively, 5nd how much of each metal there will 
be in * mass compounded of the two, which weighs 14 cwt, and is worth 
£il. laf. od. 

14. A ship, steaming, towards a port in a fog, fires a signal gim which is 
answered from the port, as soon as heard, by another gun ; the report of 
the kltet reaches the ship aji seconds after the first gun was fired ; the 
ship fires again immediately, is answered as before, and this time the reply 
it heard in 34} seconds. If the sound travels i too feet per second, at what 
rate must the ship be steaming ? 
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OBLIGATOJ/y. ALGEBRA. 



III. ALGEBRA. 



(Up to and including the Binomial Theorem, and the theor; and use of 
Logaiithms.) 

[N.B. — Great impertanci will be attached lo accuracy,^ 

1. Remove the brackets in 

7a + 6(»-i{,+4(»-3(» + 2.»l], 
and find its value when 11 = 3, j=3, ^ = i. 

2. Prove that a x £ = A x a, where a and b may have anj positive 
integral values. 

Maltiplj' together 

x-y, x+y, x'-xy+^, ^-t-xy+j^. 

3. Show that *"-a" is divi^ble by x~a for all positive integral 
values of n. 

Find the factors of 

U{il>-^) + ca{^-a') + ab{,^-B^. 
and ar*+5«»+Ji:^-S«-6. 

4. Prove thai 

;i*-iSj'+75J^-'45* + 84 and x^-^^l^+\ol^-■^■]x+il<^ 
have the same H.C.F. and the same L.CM. as 

**-i3*» + S3i^-B3J: + 42 and x^-i^+iyj^-^i^x+^io. 

5. In an examination a candidate takes five compulsory and two 
optional papers, makes the same marks on each paper, and gels fifty marks 
too few to pass. On a second attempt he increases his marks on each 
paper in the ra.tio of 63 to 50, and omits one of the optional papers, thus 
securing a hundred marks more than before and passing. If all the pa{>eTB 
have the same maximum, find what nuiuber of marks is required to pass, ' 
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WOOLWICH ENTRANCE EXAMINATION: 



6. Solve the equatioi 



and form the quadratic equation, the sum of whose roots is 3, and the sum 
of the cubes of whose roots is 7. 

7> If Y = -J, prove that a, 6, c, d are proportionals according to 

Euclid's definition. 

Find what number must be subtracted from each of the numbers, S, 10, 
13, 17, that the remainders maybe in proportion. 

8. Of any number of terms in Arithmetical Progression, show that the 
sura of the r^ term from the beginning and the r^ term from the end is 
equal to the sum of the lirst and last terms. 

If _£_, _£_, — £_ are in A.P., show that a", i", t* are also in 
; + ■: f + o' ii+i 

A.P. ; a,b,c being positive qoantities, 

9. Find the total number of combinations which may be fonned out of 

A pack of cards consisting of four suits of eight cards each is dealt to 
three players, so that each has ten cards and the remaining cards lie on the 
cable. The eight cards of each suit being numbered in order from I to 8, 
find in bow many ways the Cards can be dealt so that one player may hbhi 
ten of the highest twelve cards, and another ten of the lowest twelve. 

10. Prove that the coefficient of*' in the expanaon of (I - j:)"'"+') by 
the Binomial Theorem is equal to the coefficient of ji" in the expansion of 
(l — :r]' ''''''') both expansions being in ascending powers ofx. 

Hence (or otherwise) find the snm of the first twelve coeffidents in the 
expuwon of (I -J^)~'in ascendii^ powers of ^ by the Binomial Theorem. 

1 1. What is meant by the charaderutic of a ti^aiithm 7 Show that it 

may be determined by inspection in the case of li^arithms to the base la 

Find the number Of int^ers in the product of a" by 3", and find the 
Gnt fbtir inters of the product. 
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OBLIGATORY. ALGEBRA. TJnne, 1896 

13. At an election for eight lepreseotatives, each voter tutd seTCn 
votes. The candidales were six liberals, six conservatives, and tMio ac- 
ceptable to both parties. All six liberals were defeated, and the average 
of their votes was 1596 less than the average of the voles of the six con- 
servatives. Each of the non-party candidates obtained a number of votes 
equal to the sum of these two averages. Altogether 24,064 persons voted, 
there was no spoilt vote, and each voter gave his votes to seven different 
candidates. Assuming that the same proportiDn of each part; voted for 
both the non-party candidates, but that otherwise the voting was on strict 
party hnes, find (i.) what proportion of voters voted for both the non-party 
men, (ii.) how many of the voters were of each party, (iii.) the number of 
votes, polled by the non-party candidates. 
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iPfCE EXAMINATION^. 



ETRV AND MENSURATION. 
' utili be aUatfud to accuracy.'^ 
ra of circles vary as the radii, 
afetence to the radius to be 6f , find the 
adians in) one of the angles of a legaUi 

iine of SD angle as the angle varies from 

' R) found from the usual formula is of 
each obtuse and less than 1 35°. 

[igles which have a given co^e. 



test by means of this formula and the 
iKnrectDCss of the value of Zun 15* ss 



OS(^ + J)=I 



lall changes of the tabular logarithmic 
ely proportional to the corresponding 
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OBLIGATORY. PLANE TRIGONOMETRY. [June, 1886 

8. If, in a plane triangle, 11 = 447001, f = 341387, C=37°33' 11", find 
the two values of B ; and draw a figure showing the two triangles obtained. 

9. A balloon is vertically over a point which lies in a direct line be- 
tween two observers who are 3000 feet apart, and who note the angles of 
elevation of the balloon to be 35° 30' and 61° 3a'; find its height. 

10. (i.) Express the area of a regular poison in terms of the radius 
of the drcumscribed circle. 

(iL) Show that the cube of the perimeter of a triangle, multiplied by 
tan — tan — tan— , is equal to the product of the diameters of the three 
escribed circles. 

11. (L) The in/^rxa/ diameter of a hollow ball of uniform thickness 
is two inches, and the thickness is one-fiRh of an inch ; find the number of 
cubic inches of material in the ball. [«■ = V. ] 

(iL) Draw a plan and find, in acres, the area of a field, from the 
following notes : 

Yards 



SSo 
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WOOLWICH ENTRANCE EXAMINATION. 



V. STATICS AND DYNAMICS. 

Iff may bi taken = i^ fett ptr second per second.'] 

ne force, and explain what are meant bj the force of gravity 
9ion of a string. 

It of lO lbs. hangs at the end of a uniform rope 12 feet loi^, 
r end is fixed. If the rope weighs 3 lbs., find its tension at the 
from the weight. 

indate the paialleli^am of forces. 

an equilateral triangle and D is the middle point of AB ; prove 
isultant of forces represented in magnitude by AD, AC, is 
. by ^7 limes AD. 

vy body is partly supported by a string and partly by a smo<^ 
)lane, prove that the string must be vertical. 

d the position of the centre of gravity of the area of a triangle. 
Ihe middle point of one side BC of a triangle ABC, prove that 
; between the centres of gravity of the triangles ABD, ACD 
of BC. 

d what force, acting horiiontally, will support a weight W 
I smooth inclined plane, the base of the plane being three times 
also find the pressure on the plane. 

d the ratio of the power to the weight in the system of pulleys 
le stri[^ round any pulley has one end ^tened to a horizontal 
»hich the weight is suspended, and the other end to the next 
lecting the weights of the pulleys and the bar. 
are two movable pulleys, find the point on the bar from which 
should be suspended. 

plain how uniform velocity and uniform acceleration are 
Find the measure of the acceleration due to gravity when a 
iree seconds are the units of length and time. 
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OBLIGATORY. STATICS AffD DYf^AMICS. [June, 1896 

8. Enunciate and prove the paiallelc^^m of velocities, 
A ship is sailing due north at the rate of three miles an hour, and a 
passenger □□ board walks transversely across the deck at the rate of 4'4 feet 
per second ; find his actual directions of motion as be walks one way or 
the other. 

9- A stone is projected vertically upwards with a velocity of 64 feet 
per second ; Delecting the resistance of the air, find Ihe greatest height to 
which it rises, and the time of its ascent and descent. Also find the times 
at which its height will be 28 feeL 

10. State Newton's Second Lew of Motion, and show how it gives a 
method of measuring force. 

A body whose mass is 4 lbs. is moving with a velocity of 64 feet per 
second. If it is brought to test in izS feet by applying a constant 
resistance, find the magnitude of the resistance. 

11. If a particle move with uniform velocity via a circle of radius r, 
•piQ-vt thai its acceleration is in the directicm of the centre of the circle, 

and is equal to — 

A heavy particle on a smooth horizontal plane is attached by a string 
to a fixed point on the plane. If the string be straightened, and the 
particle be projected hoiiwmtally in a direction perpendicular to the string, 
compare th6 tension of the string with the weight of the particle. 
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•OOLWICH ENTRANCE EXAMINATION. 



FURTHER EXAMINATION. 



Vr. PURE MATHEMATICS. 

tarks may bt oblainaifar adeut two-ChiTds of tMs paper.^ 

the length of a man's stiide, if dividing the number of strides 
minute b; 30 gives his speed in miles per hour. 
Jie rate of striding of a runner who covers 100 yards in 9~8 
, a stride of 7 feel, with the rate of pedalling of a bicyclist 
lachine geared so as to be equivalent to one with a driving 
iches diameter, rides 30 miles in one hour. 

ite the method of solution of simultaneous linear equations. 
tins, of lengths a, b, c (feet), are travelling with UQifonn 
f, VI (feet per second), in the same direction on equidistant 
with their rear-most carriages in a straight line. 
t the trains may all be cut by some straight line or other for a 

— ^i^ — seconds, 



! tbat the number of permutations of n different things taken 
hen each of the n things may be repeated is tf. 
dmal system of notation, how many numbers are there which 
r digits ? Prove that the sum of all such numbers is 
49495500, 
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FURTHER EXAM. FORE MATHEMATICS. [June, 1896 

4. O is Ihe centre or a circle, and AOB a diameter. Circles are 

described upon A and OB as diameters. Show that the drcle described, 
so as to touch the lai^e circle internally and (he two smaller circles 
externally, has a diameter one-third that of the larger cirde. 

5. ABCD is a square of which BD is a diagonal. Through A a 
straight line is drawn, meeting BC and BD, produced, if necesaajy, in H 
and^r. 

If / be the perpendicular distance of K from BC, show that the 
reciprocal of / is equal to the sum or the diflerence of the reciprocals of 
if^and BA, and distinguish the cases. 

If the line through A be drawn at random, show that it is an even 
chance that p is half the harmonic mean of BH and BA. 

6. Construct a quadratic equation, with rational coefiicients, so that 
one root may be 

a sin 18°. 

7. Indicate the operations necessary in order to determine the distance 
between two inaccessible points in the same plane as the positions where 
the necessary observations are made. 

8. Find the polar equation of a straight line in the form 



Find the condition that this straight line may touch the circle 
r'-2;rcos{fl-p) + ;'-o' = o. 

9. Find the general equation of a circle whose centre lies on the axis 
of X 

If the abscissae of the centres of two such non-inteisecling circles be 
+ a and -a\ and their radii r and r*, find the coordinates of points on the 
■lis of X at which the circles subtend equal angles. Find the equation of 
the radical axis of the two circles. 

to. Taking the principal axes of an ellipse as coordinate axes find its 

If the ellipse be rotated through an angle 8 in the positive direction 
show that its equation becomes 

"*{S+?)+"''(S+3) +"»=»■ ^(j-^) = >• 
If the direction of rotation be reversed, how is this equation affected ? 
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WOOLWICH ENTRANCE EXAMINATION. 

1 1. Fiod the equation of the normal to an ellipse at a given point. 

Th« equation of an ellipse is — 1->*= ■• Find the coordinates of the 
intersection of normals at the points whose eccenliic angles are 75° and 15*. 

13, Find the equation of a hyperbola in rectangular coordinates. 

Show that if a variable line form, with [wo fixed lines, a triangle of 
constant area, the locus of a point which divides the intercept made on the 
variable line in a given ratio, is a hyperbola. 

13. In a parabola, prove that an isosceles triangle is formed by the 
focal distance of a point, the normal at the point and the axis. 

Find the locus of the foot of the perpendicalar from the focus on the 
normal. 

[7^1! qutitum is la be solved gmmtlrically.) 

14. Prove that the feet of the perpendiculars from the foci on any 
tangent to an ellipse lie on a drcle whose radius is equal to the semi-major 

In an elhpse, if a line be drawn through a focus makbg a constant 
angle with the tangent, prove that the locus of the point of intersectioo 
with the tangent is a circle. Find also its centre and radius. 
[TMs quesliatt is to be solved geomrtricaUy.) 
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FURTHER EXAMINATION. MECHANICS. [Jnne, 1896 

VII. MECHANICS. 

\Fuil marks may be attained for aiout two-thirds of tMs pafer. Great 
imforlanee ii attaihtdto aecuraty. N.B. — gmay bi ia}an = '^3 feet per 
ttamd per seeaiuf.} 

I. Explain the derivation of the triangle of forces from the parallelo- 
giam of forces. 

Two forces are represented by the lines joinirg the middle points of 
oppo^te sidesof aquadrilateraL Show that their resultant is represented 
in magnitude and direction by one of its diagonals. 

3. Show tlmt if any oumbet of coplanar forces acting at a point are in 
equilibrium, the sum of their components resotved in any two directions at 
right angles to each other must each be zero. 

A string 31 inches long passes through a small rii^ of 4 ounces' weight, 
and has its extcemiiies fixed at two points 25 inches apajl, and In the same 
horizontal line. Find the tension of the string in the portion of equilibrium 
in ounces' weight correct to two places of decimals. 

Find also the ma^itude of the horizontal force which, applied to the 
ring, will cause it to rest at a point 7 inches from the nearer end of the 

{Till guestitm may be solv^ grapMcally or analytically.) 

3. Prove that a system of coplanar fbrces will be in equilibrium if the 
algebraical sum of the moments of the forces about any three points not in 
the same straight line vanishes in each case. 

A triangular lamina ABC, whose ^des BC, CA, AB are respectively 
18, 24, and 30 inches in length, is placed in a vertical plane with BC, CA 
resting upon two fixed smooth pegs D, E, 20 inches apart and in the same 
horizontal line. If equal weights IV, W 'oe suspended from A and B, and 
the triangle be kept with AB horizontal by means of a string, connecting C 
with the peg D ; find the tension of the string and the pressures on the 
p^s, n^lecling the weight of the lamina. 

( This question may be solved grapAieally or analytieally. ) 

4. Define the centre of mass (centre of gravity) of a heavy body, and 
show that if a heavy body be suspended from a fixed point its centre of 
mass must be vertically beneath the point. 

In a lamina of any form a line AB of length c is talien, and it is 
observed that when the lamina is suspended from A, the line AB dips 30° 
below the horizon, and 45° when suspended from B. Find the distance 
of the centre of mass of the lamina from AB. 

[This question may be salved graphically or analytically,) 

'5 
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WOOLWICH ENTRANCE EXAMINATION. 

5. A unifonn ladder lesta with one end gainst a. vertical wall and Che 
other on the ground, inclined to the vertical at 45°. Compare the least 
horizontal forces which, applied to the foot of the ladder, will move it 
towards or from the foot of the wall, the coefficient of friction being the 
same for both ends of tbe ladder. 

6. A particle projected with a velocity « moves subject to an accelera- 
tion o in the direction of motion. Find the space described in the x* unit 

A particle slides from rest down a smooth plane inclined at 30* to the 
horizon. Find the position of that length of 92 feet which is passed over 
by the particle in one second. 

7. Two scale pans, each of 4 01. mass, are connected by a l^ht 
inexten^ble string, which passes over a smooth tiied pulley. If a mass of 
2 OE. be placed in one pan, and a mass of 3 oz. in the other, find the 
tension of the string and tbe pressures of the masses on the scale pans. 

S. Two spheres of elasticity e and masses m, ta', moving with velocities 
«, »', impinge directly. Find their velocities after im[iact. 

The centres of two equal billiard balls of radius a and elasticity f move 
along the str^ht lines, whose equations are in rectangular coordbates 

in such a manner that the line joining them is always parallel to tbe axis 
of X, and impinge at the origin. Find the equations of their lines of 
motion after impact. 

9. Prove that the path of a projectile in vacuo is B parabola, and that 
the velocity at any point is that due to falling from the directrix. 

10. A particle of mass m attached to a fixed point by a light strii^ of 
length /, makes complete revolutions in a vertical plane under the action 
of gravity. If « be its velocity at the highest point, find its velocity in any 
other portion, and also the teruion of the string. 

If the ratio of its maximum to its minimum velocity be a : *, show that 
the maximum tension of the string will be to the minimum b the ratio of 
Sa^-H' to sff'-fl'. 
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MATHEMATICAL EXAMINATION PAPERS 



l^ogal JEtiUtatp ^cabtm^, 8&ooIli}ich, 
November, 1896. 

obligatory examination. 

I. EUCLID. 

{Ordmary atbTOiiations may be implied, hut the method of proof must 
be geometrical. Proofs other than Etulid's must net violate EtuliJ's 
tequenee of propositions. In the absence of special direcHoHS la Can- 
didates, any of tie propositions ■aiithin the limits prescribed for 
examination may be used in the solution of problems and riders. 
Great importance wHt be attached to accuracy. ] 

1. Give accurate definitions of the following geometrical terms ;— 
superficies, rectilineal angle, circle, rhombus, postulate, axiom. 

2. Draw a sur^ht line perpendicular to a given straight line of un- 
limited length, bom a given point without h. 

Construct a square which shall have an extremit]r of one of its diagonals 
at a given point, and the entremities of the other diagonal on a given 
straight line. 

3. Prove Chat if a side of any triangle be produced, the exterior angle 
is equal to the two interior and opposite angles, and that the three interior 
angles of every triangle are together equal to two right angles. 
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WOOLWICH ENTRANCE EXAMINATION. 

Fiom a vertex of on equilateral triangle a perpendicular is drawn to the 
opposite side, and upon this perpendicular another equilateral trisngte is 
constructed ; show that its sides are perpendicular to those of the original 

btuse-angled triangles, if a perpendicular be drawn 
: angles to the opposite side produced, the square on 
obtuse angle is greater than the squares on the sides 
angle, by twice the rectatigle contained by the side 
iced, the perpendiculaj Wis, aod the straight line 
: triangle, between the perpendicular and the obtuse 

e, the sides of which are three, four, and six inches 



are which shall be equal to a given rectilineal figure. 

diameter is the greatest straight line in a circle, and 
which is nearer to the centre is always greater than 



opposite angles of any quadrilateral figure inscribed 
equal Ip two right angles. 

light line describe a segment of a circle, containing 
en rectilineal angle. 

oint draw a straight line which shall cut off from a 
t containing an angle equal to a given rectUilKal 

iosceles triangle, having each of the angles at the 
iid angle. 

lendiculw drawn to one side of such a triangle, at its 
other side in extreme and mean ratio. 

: »des about the equal angles of triangles which are 
ther are propottionals. 

lertain triangle is equal to its base ; show that if a 
in it so as to have one side along the base and the 
loute side upon the sides of the triangle, then the 
lich the original triangle exceeds the rectai^le are 
he square on the diagonal of the rectangle. 
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OBLIGATORY. EUCLID. (HoT. 1896 

11. Prove that paraljel(^;ranis which are eqiiiaDgnlar to one another 
have to one anothei the ratio which is compounded of the ratios of thdr 

12. Prove that, in any right-angled triangle, any rectilineal ^ure 
described on the side subtending the right angle is equal to the Minilar 
and similarly described figures on the sides containing the right angle. 
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ENTRANCE EXAMINATION. 



I. ARITHMETIC. 



\~9^ 

■000925. 

mmon Multiple of 34, 43, 119, and 255; and 

ions A, Ai I'Ai "i<l tIti by reducing them to 

quarters 3 bushels of oats at 191. Z^d. a quarter. 

mgular field is '0^4 of a mile, and the adjacent 
'ind the length of each side in yard^ and feet, 
field as a fraction of an acre. 



ngth is 67 rt. 9 in. has a path 4 ft. wide on the 

if it costs jC4- icu. 3\^- to tuif the remainder at 

Jie width of the garden ? 

are engaged on piece-woik do amounts in the 
one another the proportion of 10, 9, and 14 
each (o receive if the lunount p^d for the whole 

an odd number and an even number ? 

icessaiy to look at the digit in Che unit's place to 

Eo be added logethei. What is the condition 
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OBLIGATORY. ARITHMETIC. 



12. If coffee and chicoiy cost £%. lor. and £,2. icw. pet cwt. tespec- 
tively, what is the proportion of coffee and chicoiy in a mixture of which 
7 lbs. ace worth ^i. 6d. 7 

13. Amaji bays goods and finds that the cost of carriage is 4 per c«Dt 
on the cost of the goods. He is compelled to sell at a loss of 5 pet cent 
on his total outlay ; if however he had received ^^3. 51. more than he did 
he would have gained x\ per cent. What was the original cost of the 

14. A and B set out from the same place in the same direction and 
travel uniformly; after 9 days' travelling^ finds he is 73 miles ahead of 5: 
he then turns and travels back the distance B would travel in 9 days, he 
then turns again and overtakes B in 22) days from the start. What is the 
rate of travelling of eadi ? 
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WOOLWICH ENTRANCE EXAMINATION. 



III. ALGEBRA. 

(Up to and including the Binomial Theorem, and the theory and usi 
Xogaiithms. ) 

[N.B. — Gnat importance wAl bi attachtd fa accuracy.'] 
I. What are the factors of j:'+^? 
Hence, or otherwise, show that 

(i+6o + 6o')» + (3+i2a + i23Y is diTJsible by (i + 6a + 6a')'; 
and find the value of the quotient when o = - J. 
3, Find three &u:tors of 

and theH.C.F. of 

ej"- ija*+i9j;-7 and gufl-i^ifl + ^ix-sS. 



Simpli^ 



'd-D'-e-s a*?)'^*'^' 



and prove that 
is equal to 

4. Solve the equations : 

(i.) &r = 2S{x*-i}i 

*nd show that, if a; be real, ^_ — ^ can have no poative value less 

than 100. 

5, I sent cash to a grocer for a certain number of lbs. of sugar, at the 
rate of 7 Ihs. for 11. I^J, But before the order reached him the price of 
sugar had risen, and the money was sufficient only to buy a quantity less 
hy 10^ Ihs. than that which I had intended ; so I sent an additional y. 7^^, 
and received oae-fifth as much again as I had at first ordered. Find the 
number of lbs. ordered at first, the rise in the price hdng less than a half- 
penny a pound. 
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OBLIGATORY. ALGEBRA. INot. 1896 

6. Show that, in a scale of notation of which the radix is r, when the 
sum of the digits of any whole number is divided by r- I, there will be 
the same remainder as when the whole number is divided by f- I. 

If A and B be mimbeis in the scale of to, and if 5 and 7 be the re- 
mainders when the sums of the digits of A and B are respectively divided 
by 9 ; Snd the remainder when the sum of the digits of the product of A 
and B is divided by 9. 

7. Find expressions for the sum and general term of an Arithmetical 
Progression. 

In a series of right-angled tritu^jles, one ^de has, in snccession, the 
lengths I X4 in., 3x6 in., 3x8 in., 4 k 10 in., etc, and the hypotenuse 
differs in length from this side by one inch ; show that the lengths of the 
other side fonn an Arithmetical Prc^iession. 

8. Find the number of permutations of n dissimilar things taken r 

Find the number of arrangements of three diflereni letters which can be 
formed of the ten letters Q\oZ\ Q, when it occurs, beiog always followed 
by e. 

g. Prove the Binomial Theorem when the index is a positive fraction, 

assuming its truth for a positive integer- 
Calculate by li^aiithms the numerical value of the 6th term of the 

expansion, by the Binomial Theorem, of (i-j^)"", when jr= -220793; 

and show that ii is nearly 10*. 

10. Write down the eipanaons for a", <* and lt^,(i-H-i), each in a 
series of ascending powers of x. 

If 1= -9999999999, and / = a7i828; find, to four places of dedmaU, 
the value of »-)- 1 p" -^ i ("-l- etc 
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WOOLWICH ENTRANCE EXAMINATION. 



IV. PLANE TRIGONOMETRY AND MENSURATION. 
[N.B. — Gnat impgrtanci will bi attached to accuracy.'] 

I. Sbow that tb« angle subtended by aof arc of a circle at the centte, 
may biily be measured by the ratio of the arc to the radius of the circle. 

Why may it Dot be measured by the ratio of the chord of the arc to the 
radius of the dicle ? 

a. DeGne the tangent of a positive angle less than 360°. 
If die angle <4 be known to be positive and less than 360°, what posubte 
values can it have when 

(i.) tan^ = j3. (a) tani-*= - i. (iii.) tani^^tan^? 

3. Prove the expres^n for wi{A + B) in terms of sin^l, cos .4, sin B, 
iM»B, showing that the result is true for all sizes of the angles A, B. 
Hence find all the trigonometrical ratios of 105°. 

4. Prove that in any triangle the sides are proportional to Che sine* <rf 
the tuples opposite to them ; and that the cosine of any angle of tbe trian^e 
is expressible, in terms of the sides, by the formula 

*&-cos^ = *'+<*-o'. 

If the sides of a triangle be 4, 5, 6, find (he cosines of the angles ; and 
hence, with the table of l<^arithms, determine the smallest angle to the 

5. In any triangle ABC prove that 

\axi\(B - C) = -~ cxA\A. 

lib=\l, f = 3( .4 = 57°, find B and C to the nearest second, using tbe 
table of logarithms, 

6. Prove the relations 

(i.) tan^ + lan5 + tanC= tan ^ tan B tan C where -4 + 5+ C= 180°; 
(ii.) sin'5sin»(C--4) + sin*Csin"(/f-5) 

+ 2sin5sinCsin(C-.4)sin(,4-J} = sin»^an«(B-C)- 



p:h»Google 
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7. What is the meaning of tan-'j? 
Show that 

(i.) cos-H*^-Vl -^-y + ^yi = cos->* + co5-^, 

'''•' *^"'( r-"^'!^-Ij^ ) = '^"'* + '"'"'->'+"""''- 

8. If i) be the orthocentre of the triangle ABC, that is, the point of 
intersection of the perpendiculars drawn from A, B, C to the opposite 
sides, prove that the radius of the circle drawn thtoogh A, B, C is 
such that 

Prove also that, if O be the centre of the dtcle drawn through A, B, C, 
OZ)' = ^i-8co*^cosJcosC). 

9. Prove that the area of any quadrilaleril ABCD is given by 

^(,-a){,-i){,-c){,-,ri-a6cdcx,i^{A + C), 
where a = AB, i = BC, c = CD, d= DA, 2s = a-t-H-c+J, acid A, C aie 
the angles DAB, BCD respectiveLy. 

10. Prove Chat the area of a triangle is half the product of the base and 
height, and that the volume of a right circular cone is one third the product 
of the area of the base, and the height. 

What is the height of a right circular cone when its volume is equal to 
that of a sphere of which the radius is equal to the radius of the base of the 
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WOOLWICH ENTRANCE EXAMINATION. 



V. STATICS AND DYNAMICS. 

[/ may ht lakeit = iz fed per second per !tcond.\ 

I. When is a force said to be given? Explain why a ioice can be 
represented by a finite stiaigbt line. 

i. Assuming the paiallelogram of forces, enunciate and prove the 
triangle offerees. 

Two forces are represented in magnitude and directioQ by AO, BOs 
show tbit their resultant is represented by twice CO, where C is the 
middle point of AB. 

If the forces are represented by A O, OS ; find (he resultant. 

3- Two parallel forces whose magniludes are P and Q act at the 
points A, B, of B body, in the same direction, and the length AB is giTen. 
Determine the point at which the resultant intersects the straight line^^. 

The eitremities A, B oi 3. uniform rod rest on two supports while a 
weight of 30 pounds is fastened at a point C such (hat AC is twice CB, 
Find the pressure at A, (i) when the rod is light, (z) when it has a weight 
of (en pounds. 

4. Find the centre of gravity of a uniform lamina boiinded by a 
parallelogram. Show that i( coincides with that of four particles of equal 
mass placed at the at^lar points. 

5. A weight If is placed on a smooth inclined plane whose inclination 
to the horizon is two-thirds of a right angle, and is supported by a force 
whose line of action makes with the horiion an angle half that of the plane. 
Find the m^nitude of the force. 

6. Find the relation of the power to the weight in a «n^e moveable 
pulley, (t) when the straight portions of the string are parallel, and (2) 
when they are at right angles. 

7. Explain how velocity is measured, (1) when uniform, and (3) when 
variable. Compare the velocities of two trains, when one moves at the 
rate of 45 miles per hour, and the other at the rate of 33 feet per second. 
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OBLIGATORY. STATICS AND DYNAMICS. [HoT. 1896 

8. A weight W is suspended from a point (? by a light string. Find 
the tension when the point O ascends vertically, (i) with a unironn 
velocity, and (3) with a nnifocm acceleration equal to raie-tbiid that of 
gravity. 

9. The diameter AB of a given circle is vertical, and A is the lowest 
point. Prove that (he times of descent from rest, down all smooth chords 
ending al A are equal. 

Prove also that the velocity of arrival at A is proportional to the length 
of the chord. 

10. A body is projected vertically upwards with a velocity of 640 
yards per minute ; find the height at which the velocity is 16 feet per 

The point A is vertically over B and the distance AB is 30 feet. Two 
particles are simultaneously projected, one downwards from A, and the 
other upwards from B, each with a velocity of 30 feet per second. Find 
the distance from the middle point o{AB at which they meet 

1 1 . Enandate the laws of motion. 

A particle moving in given direction AB, with a velocity of 32 feet per 
second, is acted on by a uniform transverse force whose acceleration is g 
and whose direction AC is perpendicular to AB. Find the position of th 
particle and its direction of motion at the end of one second. 
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URTHER EXAMINATION. 



VI. PURE MATHEMATICS. 

[Only lo qtiationt to hi answered.'] 

the problem of finding the number of terms of an 
suon when the first term, the common difference and 
■nay have more than one solution. If the sum of Mj 
the sum of n, terms, show that the number Ii + H) 
the ratio of the first terra to the common difference. 

linomial Theorem for a positive integral index. 

implest form the coeSident of x'' in the expansicoi of 

iofj. 

the expansion of log(i+x) to base ; in a series of 

fx. 

ila which would be convenient foi the calculation of 

pass from \ag,2 to iogj^, 

rcle into two s^ments so that the angle coni^ned in 
L times the angle contained in Ihe other, proving the 
h the construction depends. 

:he three perpendiculars from the angles of a triangle to 
intersect in one point. If ^ be (he intersection and 
>f the perpendiculars firom the angles A, B, C, respeo 

lie four pobts A, B, C, H are the centres of the four 
lesciibed so as to touch the sides of the triangle DSF. 

an eipression for the codne of an angle of a triangle 
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If 0, be the greatest and least angles of a triangle, the sides of which 
are in Arithmetical Fiogression, show that 

4(l-coae}(i-cos*) = cos» + cos*. 

7 . In order to determine the height of a monnlsin a base was measured 
of 2750 feet. At either extremity of the base were taken the angles formed 
by the summit and the other eitremity. These angles were 58° l8' and 
111° S3'. Also at the eitremity from which the latler angle was taken 
the angular height of the mountain was tl° 19'. 

Find the height of the mountain. 

8. Show how to construct a r^ular pentagon. Choose the most 
convenient axes and write down the equations of its mdes and of it* 
inscribed circle. 

9. Find the angle between the straight lines represented by 

jc'+y = 2.rvcoseca, 
the axes being rectangular. 

Find the area of the trial^le formed by these lines and the tine 
Ix+my-vn-a. 

10. Find the equation to the tangent to the parabola 

Trace the parabolas 

and show that they intersect at right angles and also at an angle tan~'j^. 

It. From P, a point on an ellipse whose centre is C, an ordinate PM 
is drawn parallel to the minor axis. On PM«. point Q is taken such that 
QC=PM. 

Find the locus of Q. 

12. Establish an equation to a hyperbola. Prove that the eccentricity 
is the secant of half the angle between the asymptotes, 

13. In an ellipse S, F ate the foci and P, Q any two points on the 
curve. If tangents at P, Q intersect at T, show that the angles QTS, 
PTF xte. equal. 

14. Prove that the rectangle contained by the mtercepta made by any 
tangent to a hyperbola on its asymptotes is constant. 
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UroOLlV/CH ENTRANCE EXAMINATION. 



VIL MECHANICS. 

\RtJl maris may it oblamtd for about two-thirds of this paper. Gnat 
imfortancr is atlaclud to acturacy. N.B.— ^ maybe taken-^-^fiit per 
sttend per second. ] 

1. Three foices propoitional to the sides of a tiiangle act at the 
middle points of these sides in directions perpendiculHi to then. Prove 
that the forces will be in equilibiiuin if they act all inwaids or all outwaids. 
Forces k . AS, k . BC, k . CD, and k . AD act perpendicularly to the sides 
AB, BC, CD, DA of a quadriiateral at their middle points, the first three 
acting inwards and the last outwards. Find their resultant. 

2. Explain how to find the resultant of a number of parallel forces 
applied at given points in a straight line. 

A rectangular portmanteau 3 feet In length and 3 £eet in height and 
weighing 56 lbs. is carried up a staircase by two men supporting it alotiK 
the front and back edges of its bottom face. If this ftce be held at an 
inclination of 30° to the horizon, find, to two dedmal places of a pound, 
what portions of the vreight are supported by the two men, supposing the 
centre of mass of the portmanteau to be at its centre of figure. 

. 3^ A body is made up of a number of difterent portions whose centres 
of mass are all in one plane. If the portions of these centres of mass are 
given and also the weights of the several portions, find the position of the 
centre of mass of the whole body. 

Prove that the centre of mass of any quadrilateral lamina may be fonod 
by the following construction ; — Let E, ^ be the middle points of Gut 
diagonals of the quadrilaleral, O their point of btersection. On OE, OF 
cut off OM = I OE and ON = § OE and complete the parallel(^;iain 
Oil/CA' having OM, ON as adjacent sides. Then G will be the centre of 
gravity of the lamina. 

[TAii juetlioK may be soivai either geometrically or aitalytiiaUy.) 

4. Find the mechanical advanti^ in the common screw-press working 
without h-iction. 

The coupling between two railway carriages consists of a ri^C-haitded 
and left-haaded screw at apposite ends of a long bolt, working in nats 
attached to the two carriages, each screw having five threads to the indi. 
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FURTHER EXAMINATION, MECHANICS. [So?. 1696 

Find the force which when applied to the end of an aim iS inches long 
will cause the carriages to be drawn tt^ther with a force of t ton, l^ii^ 
the ratio of the circumfeience to the diameter of a circle as 3f . 

5. Explain what is meant by the an^e of friction. 

A body is placed on a rough plane whose inclination to the hoiizon is 
45° the angle of friction being 30°. Prove that the force which must be 
applied to the body in a horizontal direction in order to just prevent it 
from slipping down is the same as if the plane were made smooth and its 
inclinatiiai to the horizon were decreased to 15°. 

( This quiUion may be sohicd either geoiaetrically or ancUytically. ) 

6. A slip-carriage is detached from a train and brought to rest with 
uniform retardation in two minutes during which time it travels two-thirds 
of a mile. With what velocity was the train travelling when the carriage 
was detached ? 

The weight of the whole train was 130 tons and that of the slip-carriage 
10 tons. Before the carriage was detached the train was just kept going 
with uniform velocity, by the pull of the engine, the resistance doe to 
friction amounting to 35 lbs. weight per ton. Supposing the engine to 
pull Che train with the same force after the carriage is detached, find the 
acceleration. 

7. In Atwood's machine, two weights of 5 lbs. and 7 lbs. are attached 
to opposite ends of a string which passes over a light smooth pulley, and 
a rider weighing 4 lbs. is placed over the smaller weight. Find the 
acceleration. 

When the system has moved through one foot from rest, the rider b 
detached by coming in contact with a fixed ring. How in will the 5 lb. 
weight descend below the ring before coming to rest ? 

8. A mass of m lbs. is making r complete revolutions per second on a 
smooth horiiontal table in a circle of radius r to whose centre it is Con- 
nected by a strin):;. Find the tension of the string expressed in pounds' 
weight 

In the Watt's governor of a steam -engine, two equal light rods OA, 
OB, I foot long, are freely hinged at one end (? to a vertical a:iis, and to 
their other ends A, B are attached equal weights of 7 lbs. The whole 
system is revolving about the vertical axis so that the rods OA, OB make 
equal angles with the vertical on opposite sides of it Taking »■ = V, 
And the number of revolutions per minute when the rods include an ai^le 
of 120°. 
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WOOLWICH ENTRANCE EXAMINATION. 

k particle is projected m vacuo from a point with a velocity 
>iizontai atid vertical components are 32 feet per second and So 
id (upwaids) respectively. Draw a careful figure exhibiting the 
of the particle after i, 2, 3, 4, and 5 seconds respectively, and 
coordinates of the particle at these instants, referred to horizontal 
cai axes through O. 
also the coordinates of the focus of Che parabola described. 

A sphere of mass M moving with velocity U overtakes and 
directly on a sphere of mass m, moving with velocity ti in the 
ight line. If the elasticity of the spheres be perfect, find by bow 
i kinetic energy of the first sphere is decreased and that of the 

r equal spheres whose coefficient of restitution (i,e. elasticity) is 
ged at rest in a straight line. The first sphere is then projected 
ne straight line with velocity £/, so us to impinge directly on the 
Find the final velocities of the three spheres after the last colli^on 
. place between them. 



p:h»Google 



MATHEMATICAL EXAMINATION PAPERS 

TOR ADMISSION INTO 

JELo^&l ^iittars jLtabemQ, SEcaltokh, 
June, 1897. 

obligatory examination. 

I. EUCLID. 

[Ordinary abbreviatiew may be employed, btU the method of proof mttsl 
be geometrical. Proofs other than Etulutt must not violate Euclid's 
sequence of propositions. In the absence of special directions to Can- 
didates, any of the propositions ivithin the limits prescribed for 
examination may be used in the solution of problems and riders. 
Great importance will bi attached to accuracy . ] 

1. DeRne carefully the following geonieCrical tenns: — point, plane, 
plane angle, dicle, ptuaUelc^ram. 

2. Prove that if two angles of a triangle are equal to one another the 
sides which are opposite to the equal angles are also equal to one another, 

3. Prove that if the square described on one of the sides of a triangle 
is equal to the sum of the squares described on the other two wdes of it, 
the angle contained hy these two sides is a right angle. 

4. Prove that if a straight line be divided into any two parts, the 
squares on the whole line, and on one of the parts, are together equal to 
twice the rectangle contained by the whole and that part, together with the 
square on the other part. 



W. P. 
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WOOLWICH ENTRANCE EXAMINATION. 

in every triai^Ie the square on the side subtending an 
than the sum of the squares on the sides containiog that 
e rectangle contiuned \sf either of these sides, and the 
the othei side. 

if two dicles touch each other externally, the straight 
eir ccDlres passes through their point of contact. 

if a. straight line touch a drde the Straight line drawn 
the point of contact is perpendicular to the line touching 



if from any point without a circle two straight lines be 
le cuts the circle and the other touches it ; the rectangle 
hole line which cuts the circle, and the part of it without 
to the square on the line which touches it. 

:ircle in a given triangle. 

in a right-angled triangle, if a perpendicular be drawn 
le to the base, the triangles on each side of it are similar 
le, and to one another. 

t ^milar triangles are to one another in the duplicate 
logous sides. 

: in equal circles angles at the centre have the same ratio 
ihich they stand have to one another. 

les of a triangle are produced and the esterior angles 
::ed sides and the third side are equal to one another ; 
g any proposition subsequent to Euclid 1. 6 (question z). 



>arallelogram ABCD any point K is taken ; a straight 
1 K parallel to AB meets AD and BC at H and G 
. straight line drawn through A' parallel lo AD meets 
md F respectively. Prove that the squares on EH and 
i or fall short of the sum of the squares on HF and EG 
pendent of the position of fC. 

a square of which one side shall lie along a given 
circle and of which the opposite side shall be a chord 
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OBLIGATORY. EUCLID. 



16. The ciide inscribed in Che Uiangte ABC touches the side BC at 
D. Show that the circles inscribed in the triangles BAD and CAD touch 
each other. 

17. Through the extremities of two fixed perpendicular radii of a circle 
a pail of parallel chords are drawn. Prove that the circle whose diameter 
is the line joining the middle points of the two parallel chords pawes 
through a fixed point, and also prove that the centre of this circle lies 
upon a fixed circle. 
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■ICH ENTRANCE EXAMINATION. 



II. ARITHMETIC. 

'I the working as toell 



of 49 cwt. 3 qrs. 14 lbs. at £1^. Si. tod. pet cwt. 
F 0*00072 and the quotient by 1,470,568 to four places 



reofa7S3' »nd 8740. 



oelre is 3'z8i English feet, the Rhenish foot is I2'356 
jcess 4*567 metres in tenns of Rhenish feet to 3 places 

ley put out at Simple Interest amounts to ^688 when 
t. and Che time 3 yeais. What would (he amount be 
r cent, and the time zj years ? 

i. square number ends in 6 the figure in the tens' place 
iny other number, the tens' figure is even. 
are I'gths of A 's, for how many days will a sum which 
19 days pay the wages of both tc^ether ? 
&cture[ makes a profit of 25 per cent., the agent one 
le shopkeeper one of 30 per cent., what is the cost to 
in article which is sold in the shop for £yz. 8s. 
an article and sells it at a profit of 10 per cent. If he 
wr cent, less, and sold it for 6d. less, he would have 
er cent. Find the cost prire. 

ece of work, a contractor can employ two classes ol 
ges are in the ratio of 17 to 13. If he employs the 
work (he faster) he pays ^^148. 15J. in wages, being 
he lower paid men would cost bim. Onnpare their 
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OBLIGATORY. ARITHMETIC. IJviM, 1887 

13. A milkmaD adulterates his milk as follows : — He takes a [nnl out 
of each gallon and replaces it with water. He then lakes another pint ont 
of the mixture and replaces that with water ; and he repeats the operation 
a third time. If he then sells his adulterated milk at the price per gallon 
that the pure milk originally cost him, what is his gain per cent. 7 

14. A tradesman makes up his receipts monthly. His receipts for the 
first two months average ^3 less than those of the first month ; those of 
the first three months average £^ more than the average of the first two ; 
of the first four £s more than that of the first three ; of the first five £2 
less than that of the first four ; and of the first six £j more than that of 
the first live. If the average monthly receipts for the first six months are 
£611, what were the receipts for each month ? 
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CH ENTRANCE EXAMINATION. 



■ HI. ALGEBRA. 

g the Binomial Theorem, and the theoiy and use of 

Ix^rithms.) 
"irfat import<ma is aitachfd to accuracy.^ 

the factors j;-)", J" -J, s-x, and find the expression 
ihich is the other &u^or. 

TSOf 



C = dD-\-E, 
D = (E, 
ng rational integral algebraic functions of x, then E 
I &ctoi of A and B, considered as functions of a:. 
ommon factor of 

i'-Tix + jf) and iSi^ + sij' + aar- 13, 
the two expressions and their highest common factor 

uctof 

he root beii^ taken in every case. 

f 3ijr'+3i-.r+<i is divisible by 01:' + 2*4- + <r the former 

latter a perfect square. 



|-Ji:' + 6j^+3(^ + r) +1=0, 
.) Jay' + 6« + 3(=+.r) + i=o, 

r the theoretical eight sets of solutions. 
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OBLIGATORY. ALGEBRA. [Jnne, 1897 

5. Two vessels, holding respectively 80 pinis and 20 pints, are filled, 
the fiist with wine, the second with water. Two other vessels, of equal 
Cflpttdly/ pints, are filled from the first and second of these respectively 
and then emptied loto the vessel from which they were not filled. Find 
the composition of the mixture in each after two such operations ; and 
show that, if the two liquids have Chen the same composition, theii com- 
position was the same after a Single operation, and will remain so after any 
number of operations of the same kind. Find the value of / necessary foe 
this result, 

6. Find two numbers, each a perfect square of four digits, such that 
their difference is equal to the cube of the difference of their square roots. 

Show how every perfect cube may be expressed as the difference of two 
perfect squares, and express thus the cube of 13. 

7. When is a series of quantities said to be in Harmonica! Progression? 
Find the »''' term of such a prt^ession, having given the first and third 

If a - ft, n-e, a-d are in Hannonical Progression, prove that Ihe 

followit^ three series of quantities are equally so : 

(L) b-c, b-d, i~a, 

(ii.) c-d, c-a, c-i, 

(iii.) d-a, d-i, d-c. 

8. Find the total number of combinations which can be formed out of 
« difierent things. 

My cousin belongs to a club, of 30 members. In how many ways can 
I meet at least live of the members of the club, of whom my cousin may 
be one; and in how many ways can I meet five members or more, not 
including my cousin ? 

9. If/(/) denote the series l+/+?-+f- + ... to infinity, prove that 

/(«) x/{ti) is identically equal to/[m + «). 

Hence deduce the series for the expansion of a" in a series according to 
ascending powers of j. 

10. Solve the equation 



detennining j; correctly to 3 places of decimals. 



mj-'" 
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WOOLWICH ENTSANCE EXAMINATION. 



IV. PLANE TpiGONOMETRY AMD MENSURATION. 
N.B. — Grtat impai-tame is atliukidta accura^. 

I. Define circular mtasure, and the situ of an obtuse angle 'i and 
^pUuD the meaning of the symbol t. 

The circular measure of each of the angles of a r^ular figure of 77 sides 
is calculated lo be yob; determine the assumed value of r. 

3. Eipkin the cBitventiim of signs with reference to diteclions in a 
plane. 

If 2ZS°<A <37o°, and o°<Z'<45°, establish the identity 
cos(/*-£) = cos^cosJ + sin.Jsinif; 
and show thai the sign of cos('4-f) as found from the identity is the 
proper sign according to (he convention. 

3. Express cos'^A in terms of cos^j and hence lind the value 
of sin 18°. 

4. Find a general fortnula for all the values of 8 which satisfy the 
equation 3cosec#-4 sin 8 = 4. 

5. liA+B+C=2S, prove thai 

sin(J-C)cos(J-^} + siii(C-W)cos(J-«) + sin(^-J)cos(.9-C) = o; 

and if B = |9 + Yt show that 
sin(o + ;8+7) + sin(a + ,3-7) + sin(o-i9 + T) = 4sinocosj3cos'y. 

6. Prove that, in a plane triangle 

«' = i»+£a-2&cos^; 
and adapt this formula to the logarithmic calculation of a by means of a 
subsidiary angle. If two sides and the included ai^le of a tiiangle be 
respectively 531, 479, and 59° 49' 28", And the third ^de. 

^. A and B are two points on one bank of a straight river, distant 
Irom one another 649 yards ; C is on the other bank, and the angles CAB, 
CBA are respectively 48° 31' itf* and 75° 24' 50°; find the width of the 
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8. Prove that the diameter of a circle circumscribed to a triangle i» 
equal (o the product of one of the sides and the cosecant of the opposite 

The angle ^ of a triangle ABC, inscribed in a circle, is a radian ; and 
the smaller arc BC is 20 ins. ; find (by logarithms) the area of the smaller 
segment of thedrcle cutoff ty the chord BC. (T = 3t). 

9- Prove that tan"'J + tan"'J = tan '71 ; and find x, when 



10. (i.) The slant side of a cone is 35 feet, and the area of its curved 
Gur&ce is 550 square feet ; find its solid content, (r = 3)-). 

(iL ) If a sphere and a cube have equal surlaces, compare Iheir volumes. 
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WOOLWICH ENTRANCE EXAMINATION. 



V. STATICS AND DYNAMICS. 

\_Tht mtamn of Ike acceltratiim dtu to gravity may ie laAm te bt 32 when 
ike/gft and second ari tie units of length and time.'] 

1. Explain what is meant by the tension of a string and how it is 
measured. 

A weight of 1 1 lbs. is suspended from a fixed point by a uniform string, 
which itself weighs 1 5 <». ; find the tension of the string at its extremities 
and at its points of trisection. 

2. Find the resultant of two unequal forces acting on a rigid body 
in parallel but opposite directions. 

AB is a heavy uniform rod, which is suspended from a fixed point by a 
string &stened to a point P of the rod, such that AP is one-third of AB. 
If the rod weighs 13 oz., find what weight, suspended by a string from the 
end A, wiil keep the rod horizontal. If the rod be then tilted round I* 
into a different position in a vertical plane, will the equilibrium be 
disturbed? 

3. Enunciate the proportion called the paialleli^^m of forces. Find 
the magnitude of the resultant of two forces equal to the weights of 51 lbs. 
and 68 lt>s. , acting at right angles to each other. 

4. AB is a straight tine and C is its middle point ; find the centre of 
mass of three equal particles, placed at the points A, B, C. 

If the particle at C be moved to a point D, such that ADB is an 
equilateral triangle, find the new position of the centre of mass. 

5. Find the ratio of the Power to the Weight on a Wheel and Axle. 
The radius of the wheel being three times that of the axle, find how fiir 

the weight will be lifted when the power is pulled down through the space 
of one foot. 

6. Describe the common steelyard, and show that the distances 
between the gradnations ate proportional to the differences of the weights 
to which they belong. 

7. Explain how velocity is measured. A railway train passes over 
333 miles in 7 hours 34 minutes; find its average velocity in miles per 
hour and in feet per second. 
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OBLIGATORY. STATICS AND DYNAMICS. [Juno, 189T 

8. Explain how uniform acceleration is measured. 

If a stone is let 6ill, in what time will it reach a depth of 144 feet, and 
what will be its velocity at that time? If its mass is 8 oz., express it» 
eoei^ at that time in foot-pounds. 

9. A heavy body is placed on a smooth inclined plane and allowed to 
slide down. The inclination of the plane to the vertical being (wo-thitds 
of a right angle, find the time of descent down a length of 128 feet of the 
plane, and the velocity acquired. 

10. Two weights are connected by an ineitensible string, which 
passes over a smooth fised pulley ; if the weights are held so that the 
portions of string below ttie pulley are vertical, and aie then let go, deter- 
mine the motion of each weight and the tension of the string. 

If one of the weights is treble the other, find in what time the greater 
weight will descend through 32 feet, assuming that the string is long 
enough for this motion to take place. 

11. Find expressions for the vertical and horiiontal displacements at 
any time of a projectile in vaais. 

If the velocity of projection, in a direction inclined to the vertical at 
two-thirds of a right angle, is 64 feet per second, find the greatest height 
attained by the projectile. Also find the range of the projectile on the 
horizontal plane thiough the point of projection. 
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WOOLWICH ENTRANCE EXAMINATION. 



FURTHER EXAMINATION. 



VI. PURE MATHEMATICS. 

\s may be obtained for i^iaut Cwo-tliirds of this paptr.'\ 

je points in a straight line ABC', P, Q, R aie the centres 
beA upon AC, AB, and BC respectively, Q and R bdng 
iC remote from P. Show Ch>t BP is equal to QR, and 

point O, and three lengths OA, OB, OC, find the con- 
ich the triangle ABC has a maximum area. 
wn the general tenn in the expansion of (I - j)". 
circumstances does the expansion (i) terminate, {2) con- 
real quantity ? 

e coefficients are -20, 190, and -1140; 



fie of perimeter b is inscribed in a circle of radius a. Find 
rmine the limits of possibUity of the problem, 
: formula 



j: + cos(2.3. j)cosec3'j + cos(2,3>.i)cosec3*jc + ..., 
top -4 of a cliff 597 feet high, the angle of elevation of a. 
bserved to be 47° 30' and the angle of depression of its 
he sea was 6i". A, B, and S being in the same vertical 
dtitude of the aun being 65° 31', find the height of the 
I sea level. 
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FURTHER EXAM. PURE MATHEMATICS. [Jnne, 1897 

8. Id question I, taking A as orig^ and ^C as axis of jr, find equations 
in rectangular co-ordinates to the lines BP, AR, CQ, QR, PQ, PR. 

9. In a circle if any chord be drawn through a fiied point and tangents 
be drawn at its extremities, find the locus of their points of intersection. 

Show that if one point he on the polar of a second point, the second 
point will lie on the polar of the first point. 

10. Find the polar equation of a parabola. Having given the lengths 
of two tangents to a parabola, at right angles to one another, lind the length 
of the latus rectum. 

11. Express the length of the nomtal (terminated hy the major axis) 
to an ellipse 

in terms of the inclination of the normal to the major axis. 

Show that the sum of the squares of the normals drawn at the extremi- 
ties of conji^te semi-diameters and terminated by the major axis is 

la. Show that the locus of the vertex of a triangle constructed on a 
given hase, one of whose base angles is double the other, is an hyperbola 
whose transverse axis is two-thirds of the base. 

13. If a circle touch a given circle and a given strsught line the locus 
of its centre is a. parabola. 

14. If PM be the perpendicular upon the directrix from any point P 
on an ellipse, then MS, drawn through the adjacent focus S, meets the 
normal at P on the minor axis. 
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WOOLWICH ENTRANCE EXAMINATION. 



VII. MECHANICS. 

\PvIl marks vail he gaictt for aSout two-thirds of this paptr. Great itn- 
porlimee is attached to accuraey. Gmvilatiaaal acceUratitm may be 
taken = yi feet per second fer second, and it ^^.^ 

I. Investigate the conditions that thiee parallet forces, whose lines of 
action are intersected by a straight line ABC in A, B, C respectively, 
may be in equilibrium. 

A solid cone of weight tV, height h, and radius of base r, rests with 
its slant side in contact with a smooth horizontal plane. Find (i.) the 
least vertical force which, applied at the vertex, will move the cone, and 
{ii. ) the force at the verteit which will keep il at rest with its axis horizontal. 

1. Find the ma^itmie and direction of the resultant of a system of 
forces acting in one plane on a particle, the magnitudes and the directions 
of the forces being given. 

Five forces P, Q, X, ff, V act at 0, the centre of a regular pentagon 
ABODE, in the directions OA, OB, OC, OD, OE respectively. If the 
system be in equilibrium and P, Q, R h^ given, find the magnitudes of 
JTand y. [N.B.— Sini8'' = J(-ys-i.)] 

3. The sides AB and CD of a quadrilateral lamina A BCD are parallel 
and at a distance h apart. If AB = a, CD-b, find the distance of the 
centre of mass of the lamina from the straight line bisecting the opposite 
sides AD and BC. 

A rectangle ABCD is bisected by a straight Ibe cutting AB in E and 
CD in F. Show that the locus of the centre of mass G of either part is a 
parabola, and that the tangent at G to the locus is parallel to the cor- 
responding line EF. 

4. A rigid body is in equilibrium under the action of four forces in one 
plane, whose directions are not all parallel, and whose lines of action are 
not concurrent. If the magnitude of one of the forces be given, and the 
lines of action of all, show how the magnitudes of the other three may be 
found by the graphical method. 
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FURTHER EXAMItTATION. MECHANICS. (Jnne, 1897 

C and D ace two small rough pegs, I foot apart in a straight line 
inclined to the horizon at an angle of 60*. A unifbnn rod ACDB of 
10 pounds weight and 3 feet in lengtli is placed in this line, under C and 
above D, so that AC=BD-i foot. Find grafihkally the least weight 
which, suspended from the "fifi"' end B, will keep the rod in Ihe above 
position, the angle of friction between the rod and the pegs being 45°. 

5. Describe the common balance, and explain how its sensitrilil)' 
depends on the form of the betun. 



An insect crawls along the minute hand of a clock al the rate of 33 feet 
an hour. Find its velocity at the distance of one yard from the centre of 
the clock fcce. 

7. A particle is projected up a rough inclined plane with velodty m. 
Find its position and velocity at the end of time /, the inclination of the 
plane to the horizon being >', and \ the angle of friction. 

If the particle be projected with velocity due to falling from a point A 
above the point of projection, and through A a straight line be drawn at 
an angle \ lo the horizon, show that this tine will meet the inclined plane 
at the point where the particle comes to rest. 

S. If a particle be moving in a vertical plane under the action of 
gravity, prove that its path must be a parabola whose axis is vertical, and 
that the velocity at any point varies as the normal (teiminaled by the axis). 

Find the two directions in which a panicle may be projected, with a 
velodty of 60 feet per second, so as lo hit an elevated ol^ect whose hori- 
zontal and vertical distances ftora the point of projection are 48 and zo feet 
respectively ; and prove that the times of describing the two paths are as 
4 to 13. 

9. Two spheres of masses m^ and Wj impinge obliquely with velodties 
B] and », in directions making angles a, aod a^ respectively with the line 
of impact ; tind their velodties and directions after impact, e being the 
coefficient of restitution. 

Three equal billiard balls A, B, C are lying on a billiard table ; A and 
B are in contact, and equidistant from C. The ball C, projected v^ry 
fuarly in the direction of the point of contact, strikes A (as\ and B 
immediately afterwards. Show that after impact the velocities of A and B 
are in the ratio of 4 to 3 - ^. 
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WOOLWICH ENTRANCE EXAMINATION. 

lOk Define work, potential enei^ and kinetic energp; and explain 
what is meant by the principle of the conservation of enei^. 

Three strings are knotted tt^ethec at C. One string passes round a 
smooth peg A and supports a weight P at its free extremitf ; a second 
passes round a smooth p^ B in the same horiiontal line as A, and supports 
a weight Q ; the third hangs vertically and supports a weight R. Prove 
that the work done in carrying C from its position of equilibrium to the 
p^ ^ is 

ae^sin'ltf 

where AB = c, and $ is the angle which BC makes with the horizon in tbe 
portion of equilibrium. 
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MATHEMATICAL EXAMINATION PAPERS 



^ogal cptiUtarg ^abcmg, Mooltnich, 
November, 1897. 



OBLIGATORY EXAMINATION. 



I. EUCLID. 

\Orditmry aibrtviaHotis may be employid, but the method of f roof must 
be geometrual. Proofs other than Eueliifs mast not inolate Euclid's 
sequence of propositions. In the absence of special directions to com- 
didates, any of the propositions within the limits prescribed for 
examination may be used in the solution of problems and riders. 
Grtal importance will be attached to accuracy. '\ 

1. Give definitions t>i parallel straight lines, rectangle, sector of a circle, 
reciprocal fgurts. State the enunciation of any proposition in the Sixth 
Book of Euclid in which duplicate ratio occurs, and give a numerical 
illustration. 

2. Prove that if a straight line foils on two parallel straight lines it 
makes the alternate angles equal to one another. 

3. To a given straight line, apply a parallelogram equal to a given 
triangle and having one of its angles equal to a given rectilineal angle. 

4. Enunciate the two propositions which prove that, if P, Q, and H 
be three points in a straight line in any order, the sum of the squares on 
PR and QR differs from the square on PQ by twice a certain rectangle, 

5. Divide a given straight line into two parts, so that the rectangle 
contained by the whole and one of the parts may he equal to the square 
on the other part. 

W. P. I 2C 
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WOOLWICH ENTRANCE EXAMINATION. 

6. Prove that if two circles meet Ihey cannot have tbe same centre. 

7. Prove that if, ftoin the point of contact of a tangent to a circle, 
a. chord be drawn, the angles which the chord makes with the tangent are 
equal to the angles which are in the alternate segments o( the circle. 

8. Prove that if two straight lines cut one another within a circle, the 
rectangle contained by the s^ments of one of them is equal to the rectangle 
contained by the Begments of the other. 

9. Inscribe in a given circle an equilateral and equiangular heiagon. 

10. Two obtuse-angled triangles have one acute angle of the one equal 
to an angle of the other, and the sides about the other acute angle in each 
proportionals ; prove Chat the triangles are similac. 

11. Prove that if four straight lines are proportionals, the rectangle 
contained by the extremes is equal to the rectai^le contained by the means. 

e the same ratio which the 

13. If the vertical angle of an isosceles triangle is half the angle of an 
equilateral triangle, show that the base is greater than half of one of the 
equal sides. 

14. ABCD is a quadrilateral in which ABC is a right angle ; and the 
square on AD with twice the rectangle AB . CD is equal to the sum of 
the squares on AB, BC, and CD ; show that the angle BCD is also a 
right angle. 

15. A and B are fixed points on a circle whose centre is C, and P is 
a moving point on the circle ; if AP revolves round W at a given Mte, 
find the relative rates at which BP and CP revolve respectively round B 
and C. 

16. ABCDEF is a regular hexagon inscribed in a circle whose centre 
is O, and P is any point on the smaller arc AB ; show that the per- 
pendicular &om P on QC is equal to the sum of the perpendiculars from 
i'on OA and OB. 

17. If in a quadrilateral ABCD, CD touches the circle through A, 
5, and C; and the rectangle ^5 . /<C is equal to the rectangle fiC.C^j 
show that AB touches the circle through A, C, and D. 
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OBLIGATORY. ARITHMETIC. 



II. ARITHMETIC. 

[In onier ta obtain full maris arithmetieal methods ^solution are required, 
and all the mirrkiHg as okII as the answers must 6e shown. ] 

1. Find, in its lowest terms, the difference between —g- and ^~ 

2. Find the product of -052X i'87 x -0021, and divide the result by 
the product of 3-5 X 6-63 xl-io. 

3. Find the cost of carpeting a room 30 ft. loi^ by 21 ft. wide with 
carpet 27 ra. wide at 3;. qd. per yard. How much would be saved by 
leaving 5 ft. at each end and 3^ ft. at each side uncaj-peled ? 

4. What vulgat fraction of half-a-crown b equ^ to ;£'C>ii? 

5. A man bought a horse for £yj- loj., and sold him so as to gain 
35 per cent. At what price was the horse sold ? 

6. The interest for one year on £yfy> after income tn^ ai dd. pa £ 
is deducted ftom it amounts to £^. gs. Find the rate per cent, of 
interest. 

7. Find the value of icw,ooo rupees in francs — one rupee being ts. 3irf. 
and 25 fiancs 10 centimes being the equivalent oi £1. 

S. Show that the product of any three successive numbers is divi^ble 
by 6. 

9. Upon a debt which is paid a. year and a half before it is due, true 
discount of ;£tt. 4^. is allowed, simple interest being reckoned at 4 per 
cent per annum. What is the amount of the debt ? 

10. A djtem which is 9 ft. 4 in. long and 7 ft. 6 in. wide contaiits 
6 tons 5 cwt. of water; if a cubic foot of water weigh 1000 ozs., what is 
the depth of water in the cistern ? 

11. If the surfece of a cube be 491 '306406 square inches, what is the 
lei^th of its edge ? 



p:h»Google 



IVOOLIV/Cff ENTRANCE EXAMINATION. 

tz. A works 7 hours a day for 6 days, B 4 hours a day for g days, 
and C 5 hours a day for 7 days : if the wages paid to A and B tc^ether 
amount to jC7. ids., what do^, B, and Ceach receive? 

13. A man purchases a farm which on being let at £,i per acre pays 
him 3J per cent, on the investment; he purchases another which he lets 
for 3 guineas an acre, and it pays him 3J per cent. Compare the [»ice 
which he paid per acre for the two farms. 

14. A train overtakes two persons who are walking 2 miles and 4 
miles an hour respectively, and completely passes them respectively in 9 
seconds and 10 seconds : what is the length of the train and its speed in 
miles per hour 7 
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III. ALGEBRA. 



{Up to and including the Binomial Theorem, and the theory and use of 
Logarithms.) 

[N.B. — Great importance is atlachtd te tuairacy.l 

1. Explain carefully the meaning of the tenns algfhrcuc sum and 
algebraic difftrettce, giving illuslrations. 

If ii*-3a*-ifl+ I =x-y and o' + ja'- 20- I =j:+_c find x and y; 
and write down the product of a'- ja^- aa + I and <r' + 3a*-za- i. 

2. (i.) Prove that the difference of the expreswons ai* + Aj*+fj- + rf 
and awi* + iw' + cm + rf is diviable by j-ot, and write down the quolient. 

What are the hclors of 

(ii. ) ^ +^ + »*, having given that x +y + > = o ? 

(IB.) •HJ-<)■^■^^<-«)■^-^.-»)"^ 

3. Resolve into two bctors each of the enptessions 

(i.) j*+i and 
(ii.) 2Jc* + 7Jf + a, 
calculating numerical coeffidents correct to three places of decimals. 

4. Simpliiy 

5. Solve the equations 

(i.) 8{T-i)-a^(jr-0-i5 = <'- 

(ii.) xla=yll> = >lc and i<s + my + «j' = I, j:, >, and E lieing 
the unknowns. 
In equation (L) discuss whether either of the solutions jou obtain is 
irrelevant, and, if so, what equation they satisfy. 

6. If a : S = c t //, prove that 

iiaa+ac): {»ii + «{/) = («o + iw) ! (ai + mdi. 
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If f >^ prove that ^±^ will be greater or less thm ^±^ 
according as m is greatei or less than n, assuDiing all the letters to denote 
porftive quantities. 

7- If the first term of a geometric progression is a and the common 
ratio is r, prove the following results : 
(i.) If r< I the sum to iniinity is 



(ii.) If r> I, and if the progression be continued backwards by placing 
;rms bifert the tenn a, the sum to infinity of the terms so added is 



8. Prove that the characteristic of the common (or Briggian) logarithm 
of a number N, when N> i, is equal to the number of places that the 
first significant digit of N is to the left of the units' place, and state and 
prove a corresponding result when JV< i. 

In the series 2 + 4 + S + 16+... determine the number of digits in the 
350th term, given log 2= '30103. 

9. How many different arrangements may be made with the letters t£ 
the word Uanfairpwllgwyngyll ta^nen a\\ ti^^er? 

How many of these arrangements begin and end with a // and contain 
a third // but aot/aur consecutive /"s ? 

10. Prove the Binomial Theorem for a podtive integral index, and 
extend it so as to embrace all positive values of the index. 
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IV. PLANE TRIGONOMETRY AND MENSURATION. 
[N.B. — Great imporicaice imU bt attachtd to aecurary.] 

1. Detine the cosine of an angle, and tiace its changes in ^gn as the 
ai^le increases from zcfo to four right angles. 

The angle C of the triuigle y4BC is equal to a right angle, and the 
sides AC, BC are respectively lo and 20 feet. A perpendicular CD is 
dmwn from C on AB, find the lengths of CD, AD, and BD. 

2. Investigate expressions for the sine and secant of an angle when 
the tangent is known. What signs should be given to the radical's when 
the angle is [i) 200 degrees, and {a) 300 degrees? 

Prove also that * 

ffln*9 + sin's = 2 - 3 cos'e + cosW. 

3. Prove that . . ^costf. 

Deduce from this (or otherwise determme) expressions for sn- and 
cos " when sio tf is given. Apply the results to find sin - and cos - when 
stn tf = - ^, and the angle 8 lies between 270 and 360 degrees. 

4. Investigate a general expression for all the angles whose sine is the 
same as sin a. Write down an expression for all the angles whose cosine 

Find all Che armies such that the tangent is twice the sine. 

5. If J+C=i8o% provelhat 

g(l - sin J an O = cos'J + cos*C. 
If ^ + *+C=l8o°, prove that 

I - 1 sin ^ sin Ccos -i + cos'^ = cos"fl + cos'C, 
andif ^ + *+C = o 

i + 2sin5anCcos^ + cos'/l = cos»J + cos'C. 

6. Prove that in any triangle the dnes of the angles are as the opposite 

The angles A, B of a triangle are respectively 40° 30' and 45° 45', and 
the intervening side is 6 feet, find the smaller of the remaining sides. 
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7. A tower staodiog on Che edge of a clifT is viewed by a man lying 
down on the shore. The tower and the cliff immediately under the tower 
are found to subtend each aji ai^le of 30°, while the distance of the eye 
from a point at Che foot of that part of the cliff is 20 feet. Find the height 
of the tower. 

S. The udes of a triangle being given, investigate an expression for 
the ladius of Che circumscribing circle. 

Prove that in an equilateral triangle che radii of the inscribed, drcum- 
Bcribed, and escribed circles are as 1 : i i 3. 

9. If A -¥8-0 = 13, prove that 

Can /i tan J tan (7= tan C- tan ^ - tan 5. 
Plnd also the value of tan"'* + Can "'——-■ 

10. Investigate an expression for the area of Che curved surfece of a 
right cone when the angle of the cone and the altitude are given. 

It is required to divide a right cone into two portions by a plane 
parallel to Che base, so that the surfaces of each portion (including the 
flat faces) may be equal. Fmd Che ratio into which the slant sides are 
divided by the plane, and determine if the problem is always capable of 
solution. 
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OBLIGATORY. STATICS AND DYNAMICS. [Hot. 1887 



V. STATICS AND DYNAMICS. 

\The measure of the acceUraiion due ta gravily may be taken lo be 32 viken 
the foot and second are the units of length andtimeC^ 

1. Explain why it is Ihat forces can be represented geometrically by 
straight lines, and enunciate the propositions called the triangle of foices 
and the poison offerees. What are the converses of these propositions? 
Are they necessarily true ? 

2. Find the resultant of two parallel forces acting in the same direction. 
Two workmen are carrying a heavy ladder on theii shoulders ; find the 

portion of the weight of the ladder supported by each workman, the centre 
of gravity of the ladder being at the distance of three feet from one work- 
man and of six feet li-om the other. 

3. If three forces, acting in one plane, balance each other, prove that 
their lines of action are either concurrent or parallel. 

Three rods, lying on a horizontal plane, are jointed together so as to 
form a triangle ABC, and a tightened string connects a point /' in AB 
witb a point Q in AC; find the directions of the stresses at B and C, and 
determine, by a graphic construction (hand-sketch), the direction of the 
stress at A. 

4. Having given the positions of the centres of gravity of a solid body 
and of a given part of it, find the position of the centre of gravity of the 
remainder. 

ABC is a triangular area, and D, £, F ate the middle points of BC, 
CA, AB : if C is the centre of gravity of the triangle ABC, and if tf is 
the centre of gravity of the quadrilateral BFEC, prove that HG is one- 
ninth of AD. 

5. N^lecting the weights of the pulleys, find the ratio of the power 
P to the weight W in the system of pulleys in which the string which 
passes round any pulley has one extremity fixed and the other attached 
to the pulley next above it, the portions not in contact with any pulley 
being all parallel. 

If there are three pulleys, each of weight vi, find the relation between 
F, W, and m 
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6. A man walking at the rate of three miles an houi on a Etraight 
toad is passed at the same instant by two cyclists, riding in the direction 
in which he is walking, one at the rate of seven miles an hour and the 
other at the rate of eleven miles an houi ; all goii^ at the rates indicated 
foi three minutes, what will then be the distances of the cyclists liom the 
man walking? 

7. If a body, startii^ with the velocity 11, moves in a straight line 
with the unifbnn acceleration f, prove that the space s, passed over in the 
time t, is given by the equation 

A body, moving with uniform acceleration in a straight line, b obsetA'ed 
to pass over 24 feet in three seconds, and 42 feet in the three seconds 
fbllowing ; find its acceleration. 

S. A stone is projected vertically upwards with the velocity of 96 feet 
per second ; neglecting the resistance of the aii, find (he height to which 
the stone would rise, and the time in which it would attain that height. 

Also find the times at which the stone would be at the height of 128 feet 
above the point of projection. 

9. Prove that the time of descent of a particle down any chord of a 
vertical circle beginning at the highest point of the circle is the same. 

Find the line of quickest descent from a given point to a given straight 
line, the point and the line being in the same vertical plane. 

[O. A mass of 15 lbs. is held on a smooth horizontal table, at the 
distance of 4 feet from the edge of the table, and a fine string is attached 
to it, passing over the edge of the table and supporting a mass of one 
pound. If the 15 Ih. mass be let go, find the velodly with which it will 
reach the edge of the table. 

Describe the subsequent motion of the system. 
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FURTHER EXAMINATION. 



VI. PURE MATHEMATICS. 

[Euli maris may be obtained for aiimtiwQ-tiaids eft his fafer.\ 

1. The side AB of a tiiangle ABC is produced to D. If BE be 
drawn bisectii^ the angle CBD so as to meet AC produced in E, show 
that the square on BE is equal to the difference of the rectangles AE . EC 
and AB . BC. 

3, Draw a straight line which shall touch two given drcles. 

Two circles being given in position and magnitude ; draw a straight 
line cutting tbem so that the chords in each circle may be equal to a given 
line, not greater than the diameter of the smaller drcle. 

3. Explain why, when quadratic equations are formed to express flit 
conditions of a problem, the resulting roots may exceed in number what 
appear to be required as answers to the problem. 

What does a merchant pay for brandy, when selling it for ^£39, he gains 
as much per cent, as the brandy cost him in sovereigns ? Give an inter- 
pretation to the negative root which presents itself. 

4. A steamer is running due west at 20 knots (miles per hour) in 
latitude such that its clock must be put back at the rate of one minute 
every 10 miles. 

Find the run between consecutive noons, and the increase of speed 
necessary to make the run 520 miles. 

5. Establish the formula 

k'\og^ = in-*-\n^+ ...+ _ J ? i'' '' + ..., where "1=^-^ — 
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Employ it to calculate l(^i lo to four places of decimals, and thence 
ealculate the multiplier which serves to convert the Napierian Ic^arithms 
into ordinaiy or Briggian logarithms. 

6. Show a priori that the radii of the circles circumscribed and 
inscribed to a triangle must be expressible as symmetric Ainctions of the 

Determine such expressions. 

7. A steamer running due west at 15 knols observes that a fixed point 
■of an icebeig, which is drifting uniformly due south, bears 45° to the 
northward of the vessel's course. ■ At intervals of five minutes the bearings 
are found to be 50° 5' and 56° 35' respectively. 

Determine the rate of drifting of the icebei^. 

8. Fmd the length of the perpendicular from the focus on a tangent to 
a parabola, i^ = ^x ; the inclination of the tangent to the axis being 60°. 

Find the locus of the vertex of a parabola having a given point as focus 
and touching a given right line. 

9. Find the equation of a straight line perpendicular to a given 
straight line. 

A parallel being drawn to the base of a triangle so as to cut the sides ; 
find the locus of the intersecticoi of perpendiculars to the sides through 
the points of cutting. 

10. Write down the general equation of a circle. 

Find the locus of a point from which lines being drawn to several given 
points the sum of their squares shall be of given magnitude. 

1 1 . Find the equation of an equilateral hyperbola, taking the asymp- 

A straight line PCM is drawn from a fixed point P to intersect a fixed 
straight line AB in C and is produced to a point M such that a perpen- 
dicular MD to the fixed line intercepts a segment CD of given magnitude. 
Show that ^ is on an equilateral hyperbola, and find its centre and 
asymptotes. 

13. Show that a curve of the second degree can be described in 
general so as to satisfy five conditions. 

If you are given { I ) the centre, (2) a system of conjugate diameters as 
regards direclion and point of intersection ; to how many conditions are 
these data respectively equivalent ? 
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FURTHER EXAM, PURE MATHEMATICS. [Hot. 1897 

13. The exterior angle between atiy two interaecting tangents to a 
parabola is equal to the angle which either of them subtends at the focus. 

Prove that if J be the focua and FQ the points in which two fixed 
tangents are cut ly a third, the triangle SPQ will have its angles constant. 

14. Prove that the straight line joining the fod of an ellipse subtends 
at the pole of any chord half the sum ot difference of the angles which it 
subtends at the extremities of the chord. Distinguish between the cases. 
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VII. MECHANICS. 

\Futt marks vnll be giveit far aioui two-thirds of this paper. Great tin- 
fortanee is atUukid la accuracy. GraDitatiaHal acceleratiim may be 
taken = '^ifeet per second per second, and t = VO 

I. Show how to find the magnitude and line of action of the resnltant 
of a system of coplanac forces. 

Draw a straight line AB, 3 inches long, and upon it at base construct 
a. triangle ABC whose sides CA, CB are z\ and l^ inches respectively. 
If forces of 5 lbs. act from C to ^ and from C to B, and a force of 6 lbs. 
irom B to A, find graphicaily the magnitude and line of action of the 
tesultant of the three forces. 

3, If Mx, M^ be the algebraical sums of Che moments of a system of 
coplanai forces about two points A, B, prove tbat the algebraical sum 
about a point C lying between A and B will be 
M-^.BC^M^.AC , 
AB 
- and hence show that, if the algebraical sums of the moments of such a 
system with respect to three points not in a straight line, be separately 
equal to zero, the sum will be zero for any other point in the same plane. 

3. The lower end .ff of a uniform rod AB, of length 3a, rests on a 
smooth horizontal plane BD, and the upper end A is supported by a striog 
AC <£ length b, the extremity C being fixed at a point whose height above 
the plane is 3a. Find (i.) the horizontal force which, applied at the lower 
end of the rod, will cause it to rest at a distance h from the point in the 
plane immediately below C, (ii, ) the reaction of the plane at B, and (iii. ] 
the tenaon of the string A C ; — the weight of the rod being IV. 

4. A uniform wire is bent into the form of a triangle ; find the position 
of its centre of gravity. 

If the lengths of the ades be 3, S, and 7 inches, and the triangle be 
suspended from the obtuse angle, prove that in the position of equilibrium 
the shortest ade will be horizontal. 
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FURTHER EXAMINATION. MECHANICS. [Hot. 1897 

5. State the laws of Liraiting Friction, and explain irhat is meant by 
the " eoefSdent of friction " and the " angle of frictioQ." 

A lamina in the fona of an equilateral triangle rests within a fixed 
rough hoop, the plane of each bnng vertical, and the radius of the hoop 
equal to the side of the triangle. Show that in the limiting podiion of 
equilibrium, the base of the triangle will be inclined to the horizon at on 
angle equal to twice the limiting angle of friction. 

6. Prove that the work done in drawing a body up a rough inclined 
plane is equal to the work done in drawing the body along an equally 
rough boriiontal plane through a distance equal to the length of the base 
of the inclined plane, tr^ether with the work done in lifUng the body 
through the height of the planc- 

A train whose mass is 96 tons commences the ascent of an incline 
of I in So at the rate of 45 miles an hour, the resistance being 7 lbs. per 
ton. If after travelling \ a mile the velocity be reduced to 30 miles per 
hour, find in foot tons the work done liy the engine. 

7. Find the tendon of a light string which passes round a smooth fixed 
peg, and has unequal masses Wj, in, attached to its extremities. 

Two bodies of equal mass hang from the ends of a light string which 
passes round a fixed peg, and when at rest are 9 feet and 16 feet above a 
fixed horizontal plane. A piece of the upper body breaks off and strikes 
the plane at the same moment that the lower body does. Find the ratio 
of the parts into which the upper body is divided. 

S. Show Chat there are generally two directions in which a particle 
may be projected with given velocity from a given point O so as to pass 
through a point P. 

If ^ be the difference between the two ranges on a horizontal plane 
through O, and H the difference between the two greatest heights attained 
by the particle m the two paths, prove that R^^X&a6, where is the 
angle OP makes with the horizon. 

9. A smooth sphere impinges obliquely on a fixed plane ; find the 
motion afier impact, the elasticity being imperfect 

Two billiard balls P, Q of radius r stand upon a smooth table ABDC, 
their centres being at distances Ay k^ from the cushion AC and i^, i, 
from the cushion AB. Find the direction in which P must be struck so 
that after impinging in succession upon AB, AC it may strike Q directly, 
taking < to be the coeEGcient of restitution of the indiarubber cushion. 
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The edges of a groove cut in a smooth horizontal table are two 
c circles whose radii are II and 13 inches. A sphere of I lb. 
mass whose diameter is 3 inches moves in this groove with unifono 
velocity. Find the greatest number of revolutions it ma,y make per second 
without leaving the inner edge, and if it make half this number, find tbe 
it tbe points where it rests upon the edges. 
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MATHEMATICAL EXAMINATION PAPERS 



l^otial J9;Uitac8 JUalieinQ, SSooltoich, 
June, 1898. 

obligatory examination. 

I. EUCLID. 

[Ordiaary aibraiiations may be employed, but the tiitlhod of proof must 
be geomelrica!. Proofs other than Euclid's must not violate EtuHiTs 
sequenct of proposiHons. In the abse?Ke of special directions to can- 
didates, any of the prepositions Tiiiikin the limits prescribed for 
examination may be used in the solution of problems and riders. 
Gnat importance 'will be attached to accuracy.] 

1. Enunierale (without proofs) the cases in which with certain data, 
two triangles ate equal in every respect. 

Show that Ihe proof of Prop, 4, Book I., may require one of the tri- 
angles to be moved out of its plane. 



Hence prove thai the area of a trapezium is half the sum of the parallel 
iides multiplied by the perpendicular distance between them. 
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WOOLWICH ENTRANCE EXAMINATION. 

3. Show that in any right-angled triangle, the square which is described 
on the side sublendjng the right angle is equal to the sum of the squares 
desciibed on the sides which contain the right angle, 

4. ABC is a triangle, and P the foot of the perpendicular from C on 
AB. Show that the square of AC differs from the sum of the squares of 
AB and BC by twice the rectangle under AB and BP. 



5. Prove any proposition in Boidt II. which shows that the rectangle 
under the sum and diflerence of two i^ht lines b equal to the difierence 
between their squares. 

Hence give a purely geometrical construction for a point which divides 
a given line AB into two parts, the difference of whose squares is a given 

6. Prove that if a drcle passes through the verUces of a quadrilateral, 
the sum of a pair of opposite angles in the quadrilateral ii two right 

Prove that if the sum of a pair of opporite angles in a quadrilateral is 
two right angles, a circle can be described round it. 

7. Show how to construct an angle which is one-fifth of two right 
angles. What use is made of this by Euclid in Book IV. ? 

S. Show how to inscribe in a given circle a regular poison of ■ 5 sides. 

9. Find in the base of a given triai^le two points which divide the 
base into segrnents having to each other the ratio of the two sides (giving 
theprooO. 

A and B are two given points, and CD a right line parallel to A/i ; 
find on CD a point whose distance &om A is three times its distance 



10. Define similar triangles. 

In a right-angled triangle, if a perpendicular be drawn from the right 
angle to the base, the triangles on each side of it are similar to the whole 
triangle and to one another. 
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OBLIGATORY. EUCLID. [Jnne, 1898 

1 1 . Define a mean proportional between two mBEnitudes. 

AB is a given right line ; O is a given point on AB produced through 
B ; find by a geometrical construction a point P on AB such that FO is 
a mean faoportional between AO and BO. 

12, In a given triangle ABC inscribe a rectai^le, one of whose sides 
lies atong AB and is twice the other side. 
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II. ARITHMETIC. 

lin full marks arilhmetital mahods of solution an required.^ 

i the least fraction which, added to the sum of ft ^^^ H> 
esult an integer? 

ires 1344 tiles, each 9 in. by 4J in., to cover 3. court -yard. 

I? 

B own a field in shares proportioned as 15 to 13. If A% 
acre, what is the size of the field in square yards ? 

ecinial of II cwt. is 3 qrs. 31 lbs. ? Or, 

lecimal of 10 kili^rams is 75 grams ? 

le product of oyjiig and 3-967. Divide this product by 

.mount of interest does j^^ioao yield per annum, if invested 
? 

le least common multiple of 78, S4, and 90. 
ists who are riding together have machines with wheels, 
8, 84, and 9a inches in circumference ; what is the least 
ds that they must travel in order that their wheels shall be 
in [he same position as at starting? 

tie decimal equivalent to the fractional expres^on 

fxiii 

4 feet long, 3 feet wide, and ij feet deep (internal measure- 
10 lbs. If it be filled with water weighing 1000 01. for each 
at is the total weight of box and water ? 

. and C go into partnership, A investing 1^4000, B £3/300, 
If the profits for the first year are j£l530, how must they 
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tl. A nuui who has invested j£64So in 3^ per cent. Consols aX 108, 
sells out at 112, and invests the proceeds in 6 per cent, preference shares 
(aomioal value j£lOO), thereby increasing his income by jf90. At what 
price did he bur the shares? (Neglect brokerage.) 

iz. Write down all the prime numbers between 50 and 100. Can 

you give any reasons why nol more than two of these prime numbers are 
consecutive odd numbers ? 

13. A Parliamentary grant is made at the rate of 5^. per head for all 
the children at elementary schools. If this grant is distributed at the lale 
of 51. 91/. per child in town and 31. 3</. per child in countiy schools, what 
percentage of the total number of children are in each class of school? 

14. A batsman has a certain average of runs for 16 innings. In ihe 
17th innings he makes a score of S5 runs, thereby increasing his average 
by 3. What is his averi^ after the I7lh innings? (There are no "not 
out" innings.) 
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WOOLWiCH ENTRANCE EXAMINATION. 



III. ALGEBRA. 

and including the Binomial Theorem, and the theory and use of 
Lf^rithms. ) 

[N.B. — Great imporlanci U attiuhid to a(curacy.'\ 

tove the tnith of the following statements : 

The sura of the cubes of three consecutive numbeis is divisible 

n of the numbers. 

The sum of the cubes of any three numbers diminished by three 

product of those numbers is divisible by the spm of the numbers. 

ind the greatest common measure of j* - ^l^ + T 5 j' - 1 61 + 2 1 and 

12j:* + x-3. 



ixpiess in their simplest forms 
(i-t 



liii-) 



(a~b){a-c)^[.b-a\(b-cV(c-aW-hV 
a+i a-b i(o'-*°l 



jsumbg that if^xX" = .r"+" for all values of m and n, find what 
must be given to x° and x'' where / and q denote positive int^er:.. 
the continued product of 

\ 6 ' \ y ) ' \ir\) "{byS 

how that a quadratic equation cannot have more than two roots. 
lifTerence of the roots of a quadratic equation is d, and the quotieni 
by dividing the greater root by the smaller is q. Find Ihe 
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OBLIGATORY. ALGEBRA. [Jnne, 1898 

6. Solve Lhe equations 

y. If ^^±£ = ^^±^.f^ + *.^^, and no numerator or denominator 
^■anishes, show that either x -y at a-b = (. 

8. In how many different ways can the letters of the word CBnimission 
be arratiged when taken all tc^ether ? In how many of these will the 
fourth and fifth places be occupied by the same letter ? 

I have two five pound notes, two sovereigns, two half-sovereigns, two 
florins, a shilling, and a dxpence; in how many ways can I give a 
dotmtion ? 

9. By the ^d of the binomial theorem, or otherwise, find the sum of 
the series 

.-^.-^-^t -'-^'i-'V ..., 

n being an bteger. (iV. J.^il Aenolcs fiutorial z.) 

Fmd the term in the eipanaon of 1^'+-) which is independent of j. 

10. Write down the expansions in powers of j: of a* and log,(l+j-) 
as far as a:*, and state any limitation which may be necessary for the validity 
of mther expansion. 

Find the coefficient of a* in the expanaon of log,(l +x+^' + J:*l in 
powers of x, distinguishing lhe various cases which may arise. 
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IV. PLANE TRIGONOMETRY AND MENSURATION. 
[N.B. — Crmt importaHU will be atlixched to aecta-acy.'\ 

1. Show how to connect the measure of an angle in degrees with the 
measure of the same angle in radians. 

State (1) the numbers of degrees, and (2} Ihe numbers of radians, in 
the angles described l:^the hands of a clock between I3 noon and 1.25 p.m. 
on the same daj. 

2. Define the sine of an angle, and prove that its value cannot exceed 

Write down the measures in degrees of the angles not exceeding two 
right angles whose sines are equa.1 to o, J, i. 

3. Obtain a formula for all the angles which have the same tangent as 
a given ac^le a. 

If rcose = o, \ 

rsinS = *, / 
and r, a, b are all positive, find a formula giving allthe possible values 
of e. 

4. Prove geometrically the formula 

cos(/* + S) =cos.4eosS-sin^sin5 
for the case where the angles A, B and A + B are acute. 

Prove that, if sinj: = nsin(j:-l-2a), 
then tan(^ + o) = |^lano. 

5. Prove that, il A, B, C are the angles of a triangle, 
(i.) tan,4 + tan^ + tanC = taBvitan5tanC; 

(ii.) cot^ + col^+cotC=cosec^cosecJcosecC+cot^cotJcot C. 

6. Prove that the limit of -3- when S is indefinitely diminished is 
unity. 

Find approximately in seconds, the greatest angle than can be sub- 
tended by a yard measure at a distance of one mile. 
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7. Define the Ic^arithm of a number to a given base, and show how to 
change from one base to another. Why may not I be taken as base ? 

Given \ogf x = ir, find x Irom the tables. 

[Assume Ic^iQir = -4971499 and loe„e = '4342942.] 

8. Prove that in any triangle ABC 

<T' = ^ + c'-lici:osA. 
Prove that, if 4 is the area of a quadrilateral whose sides are of lengths 
a, b, c, d, and 6 the sum of a pair of its opposite angles, then 
i64' = 2 {ff"^ + <V + n'*" + o'l/' + i'l/' + iV»} 

-(a' + ** + f* + rf')-8afcrfcosfl. 

9. Find formulse for the solution of a triangle, given two angles and 
one side. 

A man standing on one bank of a straight river sees two objects on (he 
further side, and the lines jobiog his portion to them make with the 
direction of flow of the river angles of 51° 36' and 71° 48'. He walks 
down stream until the objects are seen in line, and finds that the line 
joining his position to them now makes an angle of 104° 57' with the 
direction of flow of the nver. lie measures the distance he has walked, 
and finds it is 150 yards. What is the distance between the objects? 

10. A cube standing upon a horizontal plane is cut by a plane which 
meets no vertical edge. Find expresHons for the volumes cut off in the 
cases where (l) one of these edges is on one ade of the plane and three on 
the other, (2) two of these edges are on one side of the plane and two 
on the other. 
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V. STATICS AND DYNAMICS. 

[ Tit mcaturt ef the eKdliralion due to gravity may ht takat to be 33 whetr 
t&e fool and stamd are i/ie units ef length and time.\ 

I. Explain what is meant by the resolved part of a force in a given 
ditectioD, v- 

If the resolved pari is half the force, what is the angle between the 
given direction and that of the force ? 

%. Find the resultant of two parallel forces acting in opposite directions- 
on a rigid body. 

A heavy uniform rod ACB, of weighl vi, is supporled. in a horizontal 
position, by a vertical string &stened lo its middle point C ; from Che end 
B a weight 111 is suspended ; and from a point D ia CA a weight Q is 
suspended. Find Q, and ihe position of the point O, when the tension 
of the string at the middle point is equal to ^. 

3. Find the position of the centre of gravity of a uniform triangular 
lamina. 

In the sides AB, AC of a triangle ABC, points'/^, £ are taken, such 
that AD is one-third of AB, and AE one-third of AC, and the points. 
D. Em joined by a stiaight line ; it /^ is the middle point of BC. and 
if G and H are the centres of gravity of ABC and of the quadrilateral 
BDEC, find the latio of HG to AF. 

4. Describe the common steelyard, and show how to graduate it. 

If Ihe length of the steelyard is four feel, if the resultant of the waghls 
of the steelyard and scale-pan, which is equal to three pounds, acts in a. 
vertical line distant sixteen inches from the end to which the scale-pan 
is attached, and if nineteen pounds is the greatest weight which can be 
measured when the movable weight is three pounds, find the position of 
the fulcrum. 

5. Find the ratio of the power to the weight in the wheel and axle. 

If two masses, each of weight vi, are fastened to points on the wheel 
at an angolar distance from each other of 120°, Rnd the position of th« 
wheel when the greatest possible weight is supported on the anle, and lind 
what b (his greatest weight. 
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6. Explain in what sense a moving point may be said to have two- 
velocities at Che same time, and prove the rule for (heir composition. 

A man in a railway train, tra.velling at a. given rate, carries a loaded 
rifle, and fires it off so as to strike a telegraph post as he passes it ; having 
given the velodty of the bullet, deleimine, by graphic construction, the 
direction in which he must aim. 

7- Explain how uniform acceleration is measured. 
How would the measure of the acceleration due to gravity be altered 
if the unit of time were half a second ? 

8. Two scale-pans, each weighing two ounces, are connected by a fine 
string passing over a smooth fixed pulley, and are hanging at rest. A 
weight of 15 oz. is placed in one scale-pan, and, simultaneously, a weight 
of 13 oz. is placed in the other scale-pan ; 6nd the acceleration of each 
scale-pan, the tension of the stritig, and the pressures of the weights on the 
scale-pans. 

9. A stone is projected horizontally from the top of a tower, 256 feet 
in height, with the velocity of 128 feet per second j find when, and where, 
it will strike the horizontal plane on which the tower is situated, and the 
direction of its motion at that time. 

lO- If a point moves uniformly with velocity i' in a circle of radius r, 
prove that its acceleration is in the direction of the centre of the circle, and 
is equal to T?\r. 

A heavy particle is attached to one end of a string three feet in length, 
the other is festened to a-lixed point i and the particle is held so that the 
siring is inclined at the angle of 60° to the vertical. Find the veloci^ with 
which it must be projected horizontally so as to describe, uniformly, a 
horizontal circle. 
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FURTHER EXAMINATION. 



VI. PURE MATHEMATICS. 
[Full maris may bi obtained fin- about two-thirds of this papa:'\ 

1. The perpendiculars drawn from the angiiEar points A, C of the 
triangle ABC, to the opposite sides, cut these aides in D and F, and 
intersect one another in P. Prove that the tangents, at D and F, of the 
circle which passes through BDPF, pass throt^h the middle point of the 
^de CA ; and that the tangents of this circle at P and B are parallel 
to CA. 

2. If one ^de of a triangle be twice another side of this triangle, 
prove that the angle opposite to the former side is greater than twice 
the angle opposite to the latter side. 

3. Prove that 

{ai'-a'Sy. 

4. What is the condition for [he validity of the binomiaJ expansion 
of ( 1 + j;)" in ascending powers of j ? 

Find the sum of the series 






5. Prove that the amount of a sum of £A, in « years, 1 
:r annum compound interest, payahle yearly is 



<'*^r 



Hence find, with the help of the table of li^arithms, the time in which 
a sum of money will double itself, at aj per cent, per annum compound 

interest, pa>'able quarterly. 

6. Two persons, P, Q, stationed on a coast which runs East and West, 
observe a ship when it is due North of P, and i^in, when it is due North 
of Q. In the former case it is 45° West of North as seen from Q, in the 
latter case it is 30° East of North as seen from P. Determine the direction 
in which the ship is travelling. 
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3, s)[ - X, o) with reference to the rectangular 
:a of the triangle joining them. 

8. Prove that the equation ax + by = c represents a straight line. 

Find the point of intersection of yc + ly=lo and ix + '^=lo, and 
write down the equations, of the straight lines which pass through this, 
point and are each equally inclined to the two rectangular axes. 

9. Find the equation of the chord of the circle j' +y = o' which joins 
the points {x", y), {jt*, y); and deduce the equation of the tangent of 
the circle at any point. 

Show that the common tangents of the circles 

a=+y + 2r = o, *■+>»- 6j = q 

form an equilateral triai^le. 

10. The ends .4, ^ of a straight line AB, of constant length a, slide 
upon the fined rectangular aies OX, oy respectively. If the rectangle 
OAPB be completed, show that the coordinates of the foot of the perpen- 
dicular drawn from P to AB are ncos^S, asin^^, where 9 is the acute 
angle AB makes with OX. 

11. Prove that if two parabolas have the same focus and axis, the 
locus of the point of intersection of two tangents at right angles, one to 
each of the parabolas, is a straight line. 

iz. Prove that if the pole of one straight line in regard to a conic 
lie upon another straight line, then the pole of the latter lies on the former. 

If the straight lines intersect outside the conic, prove that they are 
harmonic in regard to the lai^ents of the conic drawn firom their point 
of in 



13. Show how to draw tangents to a parabola from any exterior point. 
Given the focus and a point of a parabola, and the tangent at the point, 

show how to describe the parabola. 

1 4. Determine the radius of curvature at any point of an ellipse. 
Tangents PQ, PR are drawn to an ellipse from a prant P. Find the 

limit of the radius of the circle PQR as the pobt P approaches indefinitely- 
near to, and ultimately lies upon, the ellipse. 
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Vir. MECHANICS. 

i.Fuil marts will be grnenfar abetU Iwo-lhirds of this paper. Grial im- 
portance is attaehei to accuracy. GriaAtational acccleralion may ie 
taken- 'ii feet per strotid per s^rond, andx = '^.'\ 

I. If the directions and magnitudes nf any forces in one plane be 
graphically represented by the sides AB, BC, CD, etc. of an unclosed 
poison taken in order, prove that the direction and magnitude of the 
resultant is represented by the straight line closing ihe pol)^n. 

If Ihe polygon is closed, and the sides are the lines of action of the 
forces, determine whether the forces are in equilibrium. 

A unifonn heavy straight rod AB of one pound weight is placed with 
one end A resting on a rough horizontal plane and the other B against 
a smooth vertica.1 wall. Supposing the tod to be On the point of motion, 
and the coeflicient of friction to be J, determine by a graphical construction 
the magnitudes of the reactions at A and B, and the inclination of the 
rod to the horizon, giving the numerical results. 

3. Prove that the sum of the moments of any two forces about any 
point in the plane of the forces is equal to the moment of thdr resultant 
about the same point 

Three forces P, Q, If act along the sides BC, CA, AB of a triangle 
ABC. Prove that their resultant passes through the orthocentre if 
/■ g A' _ 

cos^'''.cosS'*'cosC"°' 

3. Show how to find the centre of mass (centre of gravity) of a quadri- 
lateral area, and prove that three times the distance of that point from any 
straight line in Ihe plane of the area is equal to the sum of the distances 
of the fbui corners minus Chat of the intersection of the diagonals from the 

A heavy quadrilateral area ABCD is suspended from one comer A, 
M is the middle point of Ihe diagonal BD, and O la the intersection of 
the diagonals. Prove that in equilibrium the vertical through A divides 
MO in V, so that 

MV ,C0 
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4. A straight rod AB, whose weight can be neglected, is placed with 
its middle point C at the highest point of a Axed perfectly rough harizunlal 
circular cylinder, the rod being at right angles to the astis. If two weights 
W, W are suspended from the ends A, B, piove that the rod in its new 
position of equilibrium will be Inclined to the horizontal at an angle 

/ W~ W 
a W^W' 
where £/ is the length of the rod and a the radius of the cylinder. 
How is the problem altered if the cylinder be not perfectly rough ? 

5. A system of ti equal heavy pulleys, in which a separate string passes 
round each pulley with one end attached 10 a fixed horizontal beani and 
the other to the pulley next above (all the strings being vertical}, has a 
power P acting upwards and a weight Wdownwards. Find the mechanical 
advantage. 

Prove that the magnitude of the pull on the horiionlal beam is {P-xa) 
(2" - ij + nai, where 10 is the weight of any pulley. 

When there are five pulleys, prove that the distance of the' point of 
application of the pull from the siring of greatest tension is 
tftP- i6w 

where a is the radius of any pulley. 

6. Particles whose masses are /«i, w/,, etc. are simultaneously projected 
on a smooth horizontal table with velocities V^, f^, etc. from a point O in 
directions making angles fl„ flj, elc. with a fixed straight line Ox. Prove 
that their centre of gravity describes a straight line making an angle ^ with 
Ox where 

-,_2 wl^5infl 
'^ £mf cosff" 
If tivo of the particles are connected together by a 
string, detennine how the motion of the ci 
the string becomes tight. 

7. Find the time of descent from vest of a heavy particle on a smooth 
inclined plane. 

Two heavy particles whose weights are W and H", slide down two 
smooth tods CA, CB in the same vertical plane, starting from rest at C. 
The rods are rigidly connected at C, which is tixed in space, and make 
angles 6 and 9' with the vertical, on opposite sides of it. Prove that if 
the rods are held at rest, the centre of the circle circumscribing the particles 
and the point C moves vertically. 
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Assuming the rods lo have no weight, prove that no force, except that 
lixing C, is necessary to hold them at test as the particles descend if 
Wsi-alB^W ivalff. 

8. Prove that the path of a heavy projectile in vacuo is a paralxila, 
and that the square of the velocity varies as the distance of the particle 
from the focus. 

Two particles are simultaneously projected from [be same point A with 
equal velocities in directions -47", ^7" where ^7" makes the lesser angle 
with the vertical, and the parabolas intersect in B. Determine which 
particle arrives first at B. 

Prove alH> that the product of their limes of transit from ^ to ^ is 
equal to the square of the time occupied by a particle falling from rest 
vertically through a distance equal to AB. 

g. Two smooth imperfectly elastic spheres whose masses are w, «i, 
impinge directly on each other with velocities V, V. Find the velocities 
after impact. 

Two smooth spheres moving in directions at right angles to each other 
impinge obliquely. If their directions of motion after impact are also at 
right angles, prove [hat the coefficient of elasticity is 
m V - m"h>' 

where m, m' are the masses and where v, ■^ are the components of the 
velocities of the spheres in the direction of the straight line joinii^ the 
centres just before impact. 

lo. Explain what b meant by the work of a force. What is horse- 

A given weight W is hoisted up to a given height ^ by a workman. 
During the first third of the height the weight is made to move upwards 
with a constant acceleration, during the second third with a constant 
velocity, during the last third it is brought gradually to rest with a constant 
retardation. Supposing that the resistances (including gravity) are re- 
presented by a given constant retarding fotce R, and that the whole time 
of the ascent is equal to that of falling from rest through a height nh, 
prove that the difference of the works done by the man in the first and 
third portions of the ascent is 

25 Wh 
l%n ■ 

State alio the whole work done. 
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^opl ittilUare ^tabtm^, SSooItoich, 
November, 1898. 



I. PART r. FiKST Paper. 
IGrea/ importame will be ailaihed to aituracy.'\ 

1. Reduce to its simplest futm 

(8»+4-A)(4i-3i) 
(iTV + -5)-(A-i-AT 

2. Find the value of £fij$-i-2^ ciowns + 375 guineas-46'l2S 
shillings. 

3. At what rale of simple interest must £xyi,y3!i. 6s. 8d. be invested 
in order that it may amount 10^198,941. i6j. gd. at the end of seven years? 

4. Of a certain store of potatoes, 1 1 men would in 3 [lays consume all 
hut 201 pounds, and 21 men would in 4 days consume all hut 4S pounds ; 
how many pounds of potatoes does the store contain ? 

5. If an int^ier which is less than 50 become a square number when 
25 is added to it, show that it can be resolved into two foctois whose 
difference is lo, and hence show that in such an integer the units digit is 
equal to the square of the tens digit ; write down all such inte^ets. 

6. Find the value of 

3{x+y+z){yz + ix + xy]-3?'-)i'-^ 
^+)^ + s'-ye-ex--xj' 
when x^i, y = i, e = J. 

7. Prove that the remainder which is left when x^ + jx+3 is divided 
by J- ( is the same as the reminder which is left when x*~6x + 7 is 
divided by .r - 2. 
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8. In any division sum show that a common fector of the divisor and 
the dividend is a &ctor of any of the successive complete remainders. 

In finding the highest common ^u:tor of two expressions, 23^-x'- -j 
was one otthe divisors, and 5(j:' + 3j: + 4) was the corresponding remainder. 
What was the highest common lactor of the two expressions? 

9. Solve the equations 



10. The m"" and «"' terms of an arithmetical progression are /, q. 
Find the first term and the ci 



The thirty-first term of a certain arithmetical progression exceeds the 
square of one-half of ihe fourth term hy unity, and also exceeds twice (he 
fourteenth term by unity ; find its values. 

II. Prove that the number of combinations of h things taken r at a 



Vou have seven envelopes directed to seven people, to four of whom 
you intend to send copies of a circular, the other three envelopes to be 
used for a different purpose. In how many incorrect ways can you put 
the four circulars in four of the seven envelopes? 

13. Assuming that the binomial theorem b true for a positive integral 
exponent, prove that it is true for a positive fractional exponent. 

Apply the binomial theorem to find the fifth root of 3126 to seven places 
of decimals. 
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II. PART I. Second Paper. 



N.B. — In guestUms on Giomelry ordinary ahbraiiaiians may be imployed, 
but the method of proof must ht gtomttrieal. Proofs other than Euclid s 
must not violate Muchifs lequeme of proposilions. In the abtttue of 
special directions to Candidates, any of the propositions within the 
limits prescribed for Examination may be used in the solution of 
problems and riders. 

1. Show Chat, if Irom the ends of the base of a tiiangle two right lines 
aie drawn to any point within the triangle, the sum of these is leas than 
the sum of the other two ^des of the triangle, but they contain a greater 
angle. 

Show (hat, if any pobt inside a triangle is joined to the three vertices, 
the sum of the joining lines is less than the sum, and greatei than half the 
sum, of the three sides of the triangle. 

2. Show that, if the square on one side of a triangle is equal to the sum 
of the squares on the other two sides, the triangle is right-angled. 

Explain the meaning of the converse of a theorem. What is Che 
converse of the theorem in this question ? 

3. Assuming Propositions 13 and 13 of Euclid, Bk. II., prove that 
the sum of the squares on the diagonals of any parallelogram is equal to the 
sum of the squares on the sides. 

4. Prove that all angles contained in the same segment of a circle are 
equal, those in a semicircle being right angles. 

If any two circles be drawn each touching the three sides of a triangle, 
prove that the circle described on the line joining their centres as diameter 
passes through two vertices of the triangle. 

5. Show how to draw a tangent to a circle &om any given external 

Two pt^nts are given ; one is to be the centre of a circle, and the 
tai^ent drawn to this circle from the other is to be of givett length less than 
Che distance between the given points ; show how to draw the circle and 
the tangent. 
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6. Show how Co describe a square about a given circle. 

Every parallelogram described about a circle must have all its »des 

7. Define similar triangles, and state (without proof) the relation 
between tbeir areas. 

Give any method by which an equilateral triangle may be inscribed 
in a given triiu^le ABC, tuving one of its sides perpendicular to AB. 

8. There is a fnece of ground in the form of a trapezium, the lengths 
of the parallel sides of which are 10 and 34 yards, and the lengths of the 
other two sides 15 and 13 yards ; find its area. 

9. Prove that the area of the curved surbce of a frustum of a cone is 
equal to the slant height multiplied by the perimeter of the mid section. 

la Find the number of cuKc feet of earth removed per yard length 
from a iiutting in level ground ■ 3 feet in depth, the breadth of the base of 
the cutting being 15 feel, and the slopes of both sides 45°. 
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III. PART I. Third Paper. 



1. Prove that the angle subtended at the centre of a circle by an aic 
which b equal in length to the radius is an invariable angle, and explain 
what is meant by the dicular measure of an angle. 

A circular wire of 3 inches radius is cut, and then bent so as to lie 
along the ciicumference of a hoop whose radins is 4 feet. Find the angle 
which it subtends at the centte of the hoop. 

2. Define Che cetangetU and aaecaiU of an angle, and show that 

cot*/( + I = cosec*^. 
Which is greater, the acute angle whose cotangent is i, or the acute 
angle whose Cosecant is J? 

3- Obtain an expression for all the angles which have a given tangent 
Find all the angles, lying between -360° and +360°, which satisfy 
the equation 

tan'jr--^ tani- j=o. 

4. Prove geometrically, for the case in which A and B are two positive 
aisles whose sum is less than a right angle, that 

sin{^-t-£) = sin.4cos£-l-cosW5in^. 
Express ■ ^_ ■ , in terms of co5.4. 

5. Prove the formulx 

(l + cos/*)tan»i'4 = l~cos^ 
(sec.4 + 2sin.4){co»ec^-icos^)-2cosi-4cot iA. 

6. In any triangle ABC, show that 

Find the greateM angle of the triangle whose sides are 1S4, 425, and 
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7. Define the logarithm of a number, and point oul the use of 
Ic^rilhms in arithmetical calculations. 

From leg 2 = 0-3010300 

11^11 = 1-0413927 
And the values of logT^i, l<^o-O0tc>S9, and logvH- 

8. If ^SC be a triangle, and fl such an angle that sinff = — -rCosjC, 
find c in tenns of o, i. and S. 

If n = II, *-2S, and C= 106° 15' 37", find c, having given 

■icosS3''7'48'-S = 9*778i509; 
Z. sin 33° 33' =9-7424616. Tab. Diff. 1904. 
i cos 33° 33' = 9-9208555. Tab. DiflF. 838. 
For other logarithms see Question 7. 

9. If tangents be drawn to the inscribed circle of a triangle parallel 
to the sides of the trinngle, show that the areas of the triangles cut off hy 
these tangents are inversely proportional (o the areas of the corresponding 
escribed circles. 

10. Prove that 

and deduce that 

Ic^i3 = 2log,z + log,3+-o8oo427.... 
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rv. PART II. First Papbb. 
[Full aiarks may bt Bttained for about 1iaee:-i\aB.Aei&afthiifaper.'\ 
I. Solve ihe simaltaneous quadratics 

Give the general lule for solving when the unknown quantities occ 
symmetrically in the equations as in (ii.)- 
z. Give the m"' term in (he expan^on of 



(li.) 



by the binomial theorem. 
Piove ibat 

3. Prove the identity 

sec z^ = I + tan /< tan lA. 
Solve the equation 

^n(« + i) + an(|8 + ;t) = o. 

4. Find the area of a regular quindecagon inscribed in a circle of one 
foot radius, making use of the table of natural sines. 

5. Inscribe an equilateral and equiangular penlaeon in a given circle. 
In the isosceles triangle ABC, whose base is BC, each base angle is 

double of the third angle. In AB take a point D such that CD bisects the 
angle ACB. Prove that BC is equal 10 the side of a regular pentagon 
inscribed in the circle ADC. 

6. Prove that if a straight line be drawn parallel to one of the sides of 
a triangle it cuts the other sides or those sides produced proportionally. 

In the side BC of a triangle ABC lake a point D and draw DE, DF 
parallel to CA and BA respectively to meet AB m E si>A AC \a. F. Find 
the locus of the middle point of EF. 
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7. Show that, if a solid angle be contained bji thiee plane angles, any 
two of Ihem are greater than the thErd. 

S. Prove that similar polj^ons inscribed in circles are to one another as 
the squares on the diameters of the circles. 

9. Define the latus tectum of a conic section, and show that Ihe 
tai^ents to the curve al its entremities intersect b the directrix. 

Prove that the focal distance of a point on a conic is equal to the length 
of the ordinate produced to meet the tangent at the end of the latus rectum. 

10. In a conic, SP is the focal distance of any point P, and PG is the 
normal. Prove that the ratio of SG to SP is constant. 

Prove that if normals be drawn at the ends of a focal chord, a line 
through their intersection parallel to the transverse axis will biset^ the 

11. /* is any point on a conic, and T any point in the tangent at P. 
If TM be drawn perpendicular to the focal distance SP and TN perpen- 
dicular to the directrix, show that SM is to TN in a constant ratio. 

PQ is any chord of a conic, subject to the condition that it subtends 
a constant angle at the focus, and the tangents at P and Q intersect at 7*. 
Show that the locus of 7" is a conic with the same focus and directrix. 

12. If the straight line joining two points P, P ol i. conic meet a 
directrix in F, and F be joined to the corresponding focus S, prove that FS 
will bisect one of the angles between PS and P'S. 
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V. PART li. Second Paper. 

[Full marks may bt oblaintd fur aimil three^quarteis of Ikis fafitr. Grtal 
importanee is altaeied lo acairasy. Cravilalionat acciltralioic may be 
taitn = ■^^ fill ftr second per setmtil.'i 

I. Obtain the components of a given force parallel and perpendicular 
to a. given line. 

A body which weighs 12 lbs. is kepi at rest by means of two cords, one 
being horizontal, and the other inclined to the horizontal at an angle whose 
tangent is j ; find their tensions. 

a. On the two smooth fixed rods AB and A C, equally inclined to the 
vertical at an angle of 30°, slide two small rings each of weight 2 ounces. 
Another weight of 10 ounces is knotted at E to the light thread DEF, 
length 4-6 inches, and the ends D and J'" are tied to the- rings. Find 
graphically Ihe directions of the two parts of the thread, and the position 
in which it hangs between the rods. 

Given DE:EF-l : 2. 

3. Define the moment of a force about a point, explaining the rule 
of 9^S. 

Prove that the sum of the moments of two parallel forces acting on a 
t^id body about any point in their plane is equal to the moment of their 
resultant about the same point. 

4. Define the centre of mass of a body. 

A uniform lever of weight 6 lbs. and length 18 inches has weights of 
It lbs. and 7 lbs. attached at its ends; find the centre of mass of the 

S- State the conditions of equilibrium of a system of forces acting 
in one plane on a rigid body. 

A rigid uniform bar of weight to lbs. rests with its lower end in contact 
with a horizontal tough plane and makes an angle of 30° with the horizontal, 
being kept in position by a horizontal thread attached to its upper end. 
Find the tension of the thread and the magnitude and direction of the 
force exerted at the lower end. 
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6. A body of given weight Wibs. rests on a smooth plane of inclination 
n to the horizontal under a force acting up the plane. Find ihe magnitude 
of the force and the pressure eserted by the plane on the body. 

If the body is a unifoim cube with four of its edges horizontal and one 
face in contact with the plane, and if the force applied to support it acts 
in a line of greatest slope in that face, find the least inclination of the plane 
for which the cube will turn about its lowest edge. 

7. A pistol shot is fired from a railway carriage travelling with velocity 
M SO as to strike an object seen (at the instant of liring) in a tine at light 
angles to the direction of motion of the carriage. Assuming that the charge 
of powder in the cartridge can impart a velocity v to the shot, find the 
direction in which the pistol must be aimed. 

8. Define the acceleration of a point moving in a str^ht line. 

Prove that if Ihe point moves with uniform acceleration its average 
velocity in any interval of time is half the sum of Its velocities at the 
beginning and end of the interval. 

Two particles move from the same point A along the same tine AB, 
one of them having a uniform velocity «, and the other a uniform acceleration 
/ and no initial velocity. Find the time that elapses before the second 
overtakes the 6rst. 

9. A body weighing W lbs. is carried up in a lift which moves ^th 
an acceleration of 4 ft per sec. per sec. State the direction of the force 
exerted upon it by the floor of the lift, and the weight of a body which this 
force could support at rest. 

How would the result be modified if the lift ascended with untform 
velocity ? 

10. A body weighing W lbs. is acted on by a force which could 
support a weight of W lbs. at rest. In what time will it acquire a velocity 
V feet per sec. ? 

A body is suspended by a cord from the roof of a railway carriage 
forming part of a starting train, and it is observed that the cord is inclined 
to the vertical at an angle whose tajigent is |. In what time will the train 
acquire a velocity of 30 miles an hour ? 

11. Determine the magnitude and direction of the acceleration of a 
point describing a circle of radius a with uniform speed v. 

A wheel of radius r is rolling uniformly with velocity » along a level 
rt)ad. State the magnitude and direction of the velocity and acceleration 
(a) of the point instantaneously highest, (J) of the point instantaneously 
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12. A shot U filed (rom the edge of a vertical cUff of height b to 
strike an object at a distance a from the foot of the cliff. Prove that, if 
the velocity of projection is that due to lallmg through a height h, the 
angle of elevation a is given by the equation 

a' tan'a -4^atana + 3"-4A* = o, 
and hence find the condition that the object may lie within range. The 
e of the air is to be neglected. 
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VI. PART III. FlEST Pap8». 

[Full marks loill be givm for <^i>ut tvia-tiai^ af this fafer.'] 

I. Prove geotneirically that (he subnonnal in the pcusbols is equaJ to 
the semi-latus rectum, 

PQ is a chord perpendicular to the aiis, and QR is drawn perpendicular 
to the tangent at /"to meet the diameter through >* in J. Prove that /W 
is equal to the latus rectum. 

3. C is the centre and A the vertei of an ellipse. The ordinate and 
tangent at any pobt P meet the transverse axis in ^and T. Prove fltat 
CN. CT= CA\ 

Show that any circle passing through N and T cuts the auxiliary circle 
orthogonally. 

3, If perpendiculars to the asymptotes be drawn from any point on a 
rectangular hyperbola, prove [hat their product is constant. 

AS and A C are fixed straight lines at right angles to one another, and 
the straight line £0C passes through a fixed point O, the points S, C 
being otherwise undetermined. Prove that the locos of the middle point 
of SC is a rectangular hyperbola, and determine its asymptotes. 

4. Form (he equations of the perpendiculars of the triangle whose 











Deduce that they ai 
of the orthocentre. 


re concurrent, and show how ( 


find the 




equation to the tangent tc 


ithe 


panbola: 


Show that the parabolas 
intersect at an angle of 30° if 







a(a' + **) = 3^ja'#'. 
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6. Find tbe lengths of the perpendicular from the foci of an ellipse 
on the tangent at the point whose eccentric angle is 0. 

Show that they may be obtained by solving the equation 

where a, A are the semi- principal axes, and ^ the semi-diameter conjugate 
to the central vector of the point. 

7. Define the hyperbola conjugate to a given hyperbola. 
Investigate the equation of the hyperbola conjugate to the hyperbola 

8. State the dtcumstances under which a heavy body will rest on a 
rough inclined plane without toppling over. 

A heavy uniform square lamina balances in a verrical plane on the 
highest point of a fixed vertical circle in the same plane. The dieular 
rim being rough enough to prevent sliding, show that, if the side of the 
square be — , , it can rock through an angle of 60° without blling; r 
being the radius of the circle. 

9. Describe the mechanical power known as the lever. A heavy 
uniform bar has centre C and one end D. It is placed across two pegs 
A, B, which are in the same horizontal stra^ht line, in such a manner 
that they divide the distance CD symmetrically, and it is kept in 
equilibrium by a weight P suspended from D. If the largest possible 
value of P is X' times the smallest possible value, show that the distance 
between the p^ is - . ;- — of the length of the bar. 

10. At a given instant a particle is sliding down a rough plane, inclined 
at an angle a to the horizon, with a velocity of 32 feet per second ; the 
coefficient of fHction being /i, determine the nature of the subsequent 

\t ii = % and a = 30°, for how many seconds will it move before coming 

11. If a ball be pnojected in vacuo, show that the velocity at any 
point is that which it would acquire if dropped freely to that point from 
the directrix to its path. 

A ball is projected and a second ball also from the same point, and in 
the same direction, and with a velocity equal to the vertical velocity of 
the first ball. Prove that the path of the second passes through the 
focus of the path of the first. 
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II. A weight W lbs. is raised from rest through a vertical height H 
feet in /■ seconds, when it again comes to rest, by means of a chain which 
sustains a uniform tension for a part of the lime and then becomes slack. 
Show that the weight ascends with acceleration 

^W , u '"' 7^ — seconds. 

KT" -2H gT 



7ir 



where v is the velocity due to the height H. 
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VII. PART III. Second Papbr. 

[Full marks will be given for about two-thirds of this paper.'] 

1. Show how to draw two (atigents to a parabola from a given extenial 

Prove that, if iliree tangents foTm a triangle PQP> and p is the point 
of contact of QP, and S the focus, then 

Qp : Rp = PR . SQ: SR . PQ, the point fi being between Q and R. 

2. Prove that, if CP, CO are conjugate semj.diameieis of an ellipse 
whose foci are S and S", then SP. S'P= CZ*. 

Prove also that, if the tangents at P and D meet in T, and if SP is 
produced to ^ so that PR - SP, then the triangles STR, SDTare similar. 

3. Define the asymptotes of an hyperbola. 

Prove that, if the tangent at P meets one asymptote in T, and the focal 
radius SP meets the same asymptote in V, the triangle STi/ is isosceles. 

4. Find the angle between the two straight lines whose equations are 

}i = mx-^b and y = m'x + b'. 
Form the equation of the straight line drawn through the point x=i, 
y = i ax right angles to the line x + Z)* - 3. 

5. Find the equation of the circle which has a given cenue and radios. 
Prove that the locus of a point from which the tangents to two given 

circles are in a constant ratio is a cLrcle. 

6. Find the equation of the locus of the middle points of the chords of 
the parabola ^ = ^ax which make an angle B with the axis of x. 

Prove that the locus of the middle points of chords or^-4itr, drawn 
through a given pcunt, is a parabola, and explain the connexion between 
the two results. 

7. Find the equation of the normal at any point (j^, y) on the ellipse 
ifil^+yiif= I. 

Prove that the normals at the extremities of the chords lx/a + nrylb=t 
and xjla-Vyjmb= - I meet in a point, and find its co-ordinates. 
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8. Define the moment of a force about a line. 

A rigid uniform trisngulai board is supported by three equal vertical 
airings whose upper ends are attached to the comers of an equal triangle 
fixed in a horizontal plane, and a sphere of given weight is placed at a 
given point on Che board. Determine the tensions of the strings. 

9. Explain what is meant by the eeefficieai of statical frUtion between 

A rigid uniform bar rests against a vertical wall and a horizontal floor, 
the vertical plane containing the bar being at right angles to Che wall- 
Prove thai, if the bar is on the point of slipping down, (he angle a which 
it makes with the horizontal is given by the equation 

tan«^i(l>'-*i) 
where fi and 1^ are the coefficients of friction at the upper and lower 



to. A smooth sphere of mass m moving with velocity u iin[nnges 
directly on a smooth sphere of mass in' a( rest. Find the velocities of the 
spheres after impact, the coefficient of restitution being }. 

Piove that, If / is the magnitude of the Impulse between the spheres, 
the kinetic energy lost in the impact is g hi. 

II. Prove [hat a panicle moving freely under gravity describes a 

If the particle is projected at an elevation a and strikes an inclined 
plane through (he point of projection at right angles, the mclination S 
of the plane to 'he horizontal is given by the equation 
tan (a - 9) = i cote. 

tz. Two particles of equal mass are connected by an inelastic string, 
and held near to each other on a smooth horizontal table. A ring of mass 
equal to that of either particle is threaded on the string and hai^ just over 
the edge of the table. Prove that, when the particles are let go, the ring 
descends with acceleration \g. 
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^ogal c^ilitatQ jLcabeme, SBooltnich, 
June, 1899. 

1. PART I. First Paper. 
[Great importance will be aiiachtd to accuracy.'] 

1. Reduce to their simplest fonns : i-f-j + j, 2|-A, and 2^-^, 
and divide the product of these three expressions by V^ + 4S - 2. 

2. A tradesman, having promised me 12} per cent, reduction from a 
bill for ^16. 16]. 8</. talies off only 10 per cent. By what sum am I 
entitled lo further dimini^ his bill ? And how much per cent, is this of 
the account rend ere il ? 

3. Define the average of a set of numbeis, and find (he average of 
213, 217, 199, loi, 2oE, 209, and 211. 

If the height of a number of men is measured ; and the average of the 
first six is 5 ft. 5 in., of the next seven, 5 ft. 5J in., and of the next eleven, 
5 fl. 4$ in. ; what b (he average height of the whole number of men to the 
nearest hundredth of an inch? 

4. Two trains start at the same lime, one from Liverpool to Man- 
chester, and the other in the opposite direction, and running steadily 
complete the journey in 42 minutes and 56 minutes respectively. How 
long is it from the moment of starting before they meet? 

W.P. I 2F 
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5. A ceitain number is the product of 12 and another bctoT. The 
number is divisible by 16 and by 17, Show that the second lacior is 
divisible by 17, but not necessarily by 16. 

State a general proposition of which this is a particular case. 



6. Multiply tc^ther any three consecutive whole numbers, all greater 
than lOO. Add to this product the middle number, and show (by extracting 
the cube root or otherwise) that the result is a perfect cube. 

If a is the smallest of the numbers, stale and prove the result just given 
in a general form. 

7. Divide x'-'^3.<ix by j'-jjr + j, and express the quotient in its 
simplest real kctors. 

8. Solve (he equation ^^ -%- ^— ^. 

Also if the square of the first side of the above equation is equal to the 
second side (unaltered), find the two values of x; and explab why the first 
equation has only one solution and the second two. 

9. Find the values of x and y in terms of a and b from the equations 



-i='("-|)^ 



If the values of x and y which are to satisfy this equation are 50 and 5 1 , 
what must be the values of a and b ? 

10. An arithmetical and geometrical progression have the same lirst 
term 10; and the common difference of the former series, which is 7, is 
equal to the common ratio of the latter series. Find if any of the numbers 
3430, 3455, 3475 belong to either of these series, ^id, if so, to which. 

If -a and -t-a are two terras in an arithmetic progression, and the 
number of intermediate terms is tii, tind the value of the two terms which 
are numerically smallest- 
It. Find the number of permutations of four difTerent things taken all 
together, giving your reasons in full. 

A boy, fresh from school, boasts that he is able to distinguish the four 
brands of champagne (of which he knows the names) in his father's cellar. 
Accordingly his bther fills him a glass of each wine without allowing him 
to see the labels on the bottles, and requires him to name each variety. 
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The boy gives the four nanies and gives each wrong. Deteimine in how 
many differeDt ways he can do ihis, and in how many ways he could have 
named at least one right. 

13. Prove the Knomial Theorem foi a positive integral index. 

Employ it to show that, to the nearest pound, the interest on j£io,coo 
for 10 years at z per cent, compound interest per annum is .^2190. 
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II. PAKT I. Second Paper, 

N.B. — In qaeslums on Geonielry ardinaty abbreBialiens may bt anphyed, 
but tht nuthod of proof tiitist be ^nitirical. Pro(^s othtr thatt EiuliiTs 
must net iiiolate Euclid s sa/uirue ef proposilums. In the abstnci ef 
special directions to Catididates, any of the propositions toithin the 
limits prescribed for Eiamittatitm may be used in the soluliim of 
problems and riders. 

I. Name and define the different four-sided figures of which Euclid 
takes note. 

If the middle points of every pair of axljacent sides of a rhombus be 
joined, what is the four-sided figure so fonned? Prove tliat your answer 

z. Through a given point draw a straight line parallel to a given 

straight line. 

Construct a triangle, baving given one angle and the lengths of tbe 
perpendiculars from the other two angles on the opposite sides, 

3. If a straight line be divided into two equal parts, and also into two 
unequal parts, prove that the rectangle contained by the two unequal parts, 
whether with ihe square on the line between the points of section, is equal 
Co the square on half the line. 

Compare the lengths of the two unequal parts, if the rectangle contained 
by them is eight times the square on the line between the points of 

4. Draw a tangent to a circle from an external point. 

Given a circle and a straight line, find a point on the line such that, ir 
tangents be drawn to the circle, the chord of contact will subtend a given 
angle at the circumference. Is it always possible to solve this problem ? 
Give your reasons. 

5. A chord AB of a dicle is produced to C, so that BC is 7 mches in 
length. The tangent from C is one foot in length. What is tbe length 
ai AS-i 
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6. In a given circle place a straight line equal to a given suaighl line 
which is not greater than the diameter of the circle. 

Show that the straight line subtends an angle of 30° at the circumference 
if the given straight line be equal to the radius. 

7. Find in what ratio the bisector of any angle of a triangle divides 
the opposite side. 

The edge of your paper prevents you from completing <mc angle of a 
triai^le. Show how to draw as much of the internal and external bisectors 
of that angle as will appear upon yout paper, noting carefully what points 
in your construction you assume to be within the limits of your paper. 

8. With a pair of scissors a square, 36 square inches in area, is divided 
by a straight cut through one angle and the middle point of an opposite 
tdde. Find the areas of the two portions. 

If anolher straight cut is made throi^h two opposite angles, so as to 
cross the first cut, hnd the areas of the four portions. 

9. An equilateral triangle, 10 inches in the side, revolves about one 
side. Find to the nearest cubic inch the volume of the solid generated 
[i.e., the volume within the surface traced out by the other two sides). 
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in. PART I. Third Pafkr. 

I . Define Ihe radian. 

The sun is 93 million miles distant, and subtends an ai^Ie of 0*00466 
uf a radian. Find its diameter. 

3. Prove the relation %t?6 + coa% - 1 , and show that the fractions 
sin0/(l-costf) and sin 0/( I + cos 0) are reciprocal. (The sign / denotes 
the fraction -line.) 

Hence find a third proportional to 1 + cos and sin 9, when 9 approaches 
indefinitely near to two right angles, 

3. Prove, by means of a geometrical figure, that sin 2# = J an # cos », 
16 being an acute angle. 

ir Q is the quotient obtained by dividing sin*tf-^co^ by ^f-fcostf, 
prove that sin2ff = z(l - 0. 

4. Ascertain and write down a general formula giving all angles, both 
positive, and negative, of which the cosine b equal to cos^. 

Find the positive values of the angle A, less than 360°, for which 
cos(^ + ao°)-cos(3.4 + 6o''J. 

5. The cosecant of an acute angle is 5. What are its sine, coune, and 
ne, and tangent occur, if the angle 

Considering acute angles only, piove that the angle 

is [ess than half a right angle. 

6. Prove that in any triangle cos' — - -^— ■ 

Find the cosine of half the greatest angle, and the soic of the least 
angle in a triangle of which the ^des are 109, gi, 60. 
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of cor 

8. Show how Co solve a triangle, having given two sides and the angle 
opposite one of them. Determine the condition that the triangle may exist 
(i. ) when Che given angle is acute, (ii. ) when it is obtuse. 

If 11= ioc» inches, b = 353 inches, B= xT 35', find, with the aid of the 
Cables supplied, the angles A and C, taking ^ to be obtuse. 

9. WriCe down the l<^arithms of the numbers 1234, 2345, 345'i, 
45'i:, 5'133 ; and calculate, as accurately as your tables permit, the value 
of the fraction 

iZ34x(;34S)''y (34S-i)3 

10. Define the logaiichm of a number Co Che base Ji. 

What is the relation between two numbers, if the sum of their Icgarithms 
to base x is (1) lero, (2) unity, {3) three times the lesser of the two 
logarithms ? 
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rv. PART II. First Papbr. 
[Fuil maris viilt be givm for about three-quarters of this paper.] 
I. Find the condition that the roots of the quadratic equation 

may be real and distinct. 

If a and ^ are the roots of the atx>ve equation, form the equation whose 
roots are o+ 1/^ aod ;8+ i/a, 

3. Find the number of sets of r (hii^ which can be formed with « 
different things. 

Prove that the number of ways in which nine different things can be 
distributed into sets of three is 28a 

3. Prove that the angle subtended at the centre of a circle by any chord 
is double of the angle in the greater segment cut off by the chord. 

If AB is the chord, C the centre of the circle, P any point on the 
greater s^ment cut off by AB, and if PA and PB meet the diameter 
perpendicular to AB ax D and E, then the triangles DPE and DCA are 
similar. 

4. On the sides AB and ^ C of a uiangle ABC points ^ and £ are 
taken so that CE : EA = AF: FB = i: I. Find the ratio of the areas of 
the triangles ABC and AEF. 

AIsc prove that, if L and M are the feet of the perpendiculars let bll on 
BCfiaai Ea.aAF, Ikea £L : FM^x: i. 

5. The base BC of a triai^le ABC is divided at Z) so thai 

BD:CD = n:l. 
Prove that (« + 1) coC ADC = n cot BAD-catDAC. 

6. A church spire is seen in a direction due North of a station ^ at an 
elevation of 17°, and from a station B I30 feet due East of A the spire bears 
23° West of North. The two stations and the foot of the spire being al the 
same level, determine the height of the sjnre. 

7. Prove that a straight line which is perpendicular lo each of two 
straight lines at their ptnnt of intersection is perpendicular to the plane 
containing them. 
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S. Prove that, if each a\ the edges or a tetrahedron is perpendicular to 
the opposite edge, the lines joining the middle points of pairs of opposite 
edges are equal in length. 

9. Define a conic sectioD by means of a focus and directrix- 
Prove thai the line joinine the focus to the point of intersection of any 
chord with the corresponding directrix is one of the bisectors of the angle 
between the radii drawn from the focus to the exUemities of the chord. 



10. Prove that the semi-latus rectum of a conic is a harmonic mean 
between the segments of any focal chord. 

11. Prove that the tangent at ^ to a conic whose focus is S and the 
line through S perpendicular Co S/'meel on the directrix. 

If ^ is the point where they meet, 5 K perpendicular to the tangent PK, 
Q a point where SR meets the conic, and QK parallel to PR meets the 
directrix in A', then PY : SP= SQ : QK. 

12. Prove that the projection on the focal radius of the normal ter- 
minated by the transverse axis is equal to the semi-latus rectum- 
Given a point of a conic, the tangent at the pmnt, a focus, and the 

lei^th of the semi-latus rectum, construct the direction of the transverse 
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V, PART II. Second Papkb. 

{Full maris may it ablaiti4dfor aliBul three-qnaiters of this fafer. Graiii- 
tatitmal oiceUtatian may be taken equal to 22 feet per second per seamd. \ 

I. State the theorem known as the parallelogram of forces. 

A uniform cubical block of wood of weight W rests on a smooth inclined 
plane with four of its edges parallel to the line of greatest slope, and another 
of its edges in contact with a smooth vertical wall. If the inclination of the 
plane be 45°, find the pressure on the wall. 

3. Define a couple and its moment. 

Show that two couples in the same plane are in equilibrium tf thdr 
moments arc equal and opposite. 

3. AB and BC are two uniform beams fixed tt^lher at B of length 
372 and I'92 inches respectively. AB rests on a horizontal plane, and 
BC lies in the vertical plane containing AB, the angle ABC being 125°. 
Find graphically the line of the resultant naction between AB and the 
plane. The weights of the beams are proportional to their lengths. 

4. tind the centre of mass of two bodies, the mass and centre of mass 
of each Iteing given. 

Three weightless wires form a triangle ABC, which is suspended from 
A. Masses of 3 lbs. and 1 lb. are fixed to the middle points of AB and 
AC, and one of 3 lbs. to the comer C. What mass must be placed at fi so 
thai in equilibrium the point of trisection of BC next B shall be vertically 
under A ? 

5. A balance consists of a perfectly uniform isosceles triangle suspended 
from the vertex, the scale-pans being bung from the ends of the base. 
Unequal weights are placed in the pans and balance. They are inter- 
changed, and to effect equilibrium one ounce has lo be added to one of 
ihem. Show that the one scale-pan is halfau ounce heavier than the other. 

6. What is meant by the angle of friction ? 

A rough triangular prism is fixed with one face on a horizontal plane. 
The other faces are inclined to the plane at angles of 55° and 20°. Masses 
in,, Bij are connected by a thread passing over the upper edge of the prism 
and lying along lines of greatest slope, and rest on the two inclined iatxs. 
If the coefficient of friction on each lace is tan 25°, find the ratio m, : f«, 
when the equilibrium is critical. 

10 
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7. Thie« points ace situated at the comers of an equilateral iriangle. 
They all start with velocity V along the sides in the same direction roun<I 
the triangle. Find the velocity of any one relative to any other. 

S. Give Newton's Second Law of Motion. 

On what units does the unit of force depend? The fool, second and 
pound being the units of length, time and mass, how many units of force 
are there in the weight of one ixiund ? 

What eiperimentnl result shows that the weights of bodies are propor- 
tional ID their masses ? 

9. A balloon is ascending with uniform acceleration equal to \g. Find 
the weight indicated by a spring balance in the balloon-car, on which a 
mass of one pound is hung. 

10. What is a horse-power? 

At what horse-power is an engine working which is dragging a load of 
six tons up an incline of one in ten at a rate of fifteen miles per hour?- 
(Friction and all retarding forces except gravity to be omitted.) 

11. A cone of semi -vertical angle 30° is fixed with its axis vertical, and 
vertex upwards. A bead is attached to the vertex by a thread of length 
two feet, and rests on the smooth surface of the cone. What velocity must 
be given to it that it may move round the cone in a horizontal circle without 
cau^g any pressure on the surface ? 

iz. Two panicles, moving with equal velocities V in perpendicular 
directions, collide and stick tc^ether. Their masses bdng in the ratio of 4. 
to 3, lind the common velocity after impact. 
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Vr. PART III. First Papbr. 

\Full marks will be given for abmil two-thirda ef Ikis pafier."] 

I. Prove ch&t if through any poini /* on an ellipse a line is drawn 
perpendicular 10 the major axis to meel the auxiliary circle in p, on the 

same ^de of tlie tnajoi axis as P, the tangents at P and p to the ellipse and 
circle meet in a point on the major axis. 

Prove also that if q conesponds to Q in the same way asp \.o P, and if 
the tangents to the ellipse at P and Q meet in T and the tangents to the 
cirsle at^ and y meet in /, then 7? is parallel to the minor axis. 

a. Prove that the triangle formed byihe two asymptotes of ahyperbola 
and any tangent is of constant area. 

Prove that if LL' and MM' are two tangents which meet one asymptote 
in L and M, and the other in L' and M', then LM' is parallel to L'M. 

3. Find the cosine of the angle between the two straight lines whose 
equations are 

ax-\-by + c-0 and a'x + b'y + ^' -o. 
Form the equation of the two straight lines pas^ng through the point 
i)f intersection of the lines yc + ^y + '; = t> and 41 - jy + l =0 which make 
angles of 60° with the former line. 

4. Find an expression for the area of a iriai^le in terms of the co- 
ordinates of its angular points. 

Find the area of the triangle whose sides are y = x,y = ix, x +y -6 = 0. 

5. Form the equation of a circle which passes through the or^^, has 
the line y = tiix for a diameter, and touches the line my + x = a. 

6. Find the equation of the normal to the parabola j^ = ^ax at any 

Prove that, if any two chords PQ, PK at right angles to each other are 
drawn through the point P {x", y) of the parabola, QR meets the nonnal 
at /■ in a point on (he line>+/ = 0. 

7. Find the equation of the diameter of the ellipse j^la^+j^jP-t 
which is conjugate to the diameter y = mx. 

Prove that the equation of the locus of a point dividing in the ratio 2 : 1 
the chords of the ellipse which make an angle 9 with the major axis is . 
/cos'tf sin'tf', t^ f \ /.tcosfl .^sinfly, 

12 
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8. Deteraiine the eondiiions [hat a system of forces acring in one plane 
on a rigid body may keep it in equilibrium. 

A rigid uniform rod is supported by two light strings attached to its- 
exiremitiea and to two fixed points at the same level. Prove that if the 
strings make equal angles with the vertical they must be equal in length. 

9. Explain what is meant by the coefRcient of friction between two 

A rigid uniform rod is supported with its lower extremity resting against 
a rough plane of inclination a by a force applied to its upper extremity in 
the direction of the lines of greatest slope of the plane. Prove that, if the 
rod makes an angle a-l-|8 with the vertical and an angle ;9(<a) with the 
normal to the plane, the coelficienl of Iricticin cannot be less than 
Jsecasec^Mn(<L-,8). 

la Show how to find the direction and magnitude of the relative 
velocity of two points which are moving with given velocities. 

Two particles move along two perpendicular lines with uniforni'acceleta- 
tions f and g, starting together from the point of inteisection of the lines 
with velocities w and v. Prove that if »f=i^their relative velocity at any 
time is directed along the line Joining them. 

1 1. A panicle is projected from a given point in a given direction with 
a given velocity, and moves under gravity; determine the vertex of its path. 

Prove that if a particle is just to clear three parallel vertical walls of 
hdghts b, c, b above the level of the point of projection and at distances a 
apart, the direction of projection must make with the horizontal an angle 

tan-^?^{.{r-i)}. 

12. A wheel is rolling uniformly on a level road and a smooth heavy 
bead is free to slide along one of the spokes. Find the least velocity of the 
wheel for which the bead will be alwa)-s in contact with the rim of the 
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VII. PART III. Skcond Paper. 
\FuU marks will be given for about two-thirds of this fapeT.\ 

I. DeliQe a parabola and deduce that the square of the ordinate of a. 
point on the curve varies as the abscissa. 

A is the vertex of a parabola, P any point on the curve, M a point on 
the axb such that MPA is a right angle. Show that if FN is perpmdicuiar 
to /< J/ then /WiVis equal to the latus rectum. 

3. Prove that the sum of the focal distances of a variable point on an 

Having given the foci and the length of the major axis of an ellipse, 
show how to find the points on it at which the line joining the foci subtends 
s. given angle. If the eccentricity of the ellipse is \, within what limits 
must the angle lie 1 

3. Find the equation of the straight line through the points whose 
<M)-ordinates are (3, -l), (-i, 3). 

The X co-ordinate of a point is 3, and ii lies on the Ime joining 
the origin to the point whose co-ordinates are {J, 7]. Find its > co- 
ordinate. 

4. Find the perpendicular distance of the point (jr, y\ from the line 
■whose equation is x cos a ■\-y sin a =p. 

Find the locus of a point which moves so as always to be at a given 
-distance of 10 units from the straight line 4x-l-3j' = 35. 

5. Find the co-ordinates of the centre, and the radius, of the circle 
whose equation is 1^ ^y^ -I- if -H = zr. 1^ 

Where are the intersections of the circles ^^^ 

j^+y = +r-HSf and j^-l-y + 2i-H2^ = o? V 
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6. Find the equadons of the tangents to the parabola y'-^ aX the 
points whose x co-ordinates are each equal to i. 

Show that they are at right angles and intersect where the directrix cuts 
the axis. 

7. Defining the ellipse as the locus of a point the sum of whose dis- 
tances from two lixed points is constant, iind its equation, taking the line 
joining the tixed points as axis of x, and the middle pdnt of this line as 
origin. 

If {jr|,^])(Xj, j-j) are the co.ordinates of two points on the ellipse 

show that 

? * (> ? + 4i"' 

is the equation of the line joining them. Deduce the equation of the 
tangent at any point. 

8. Give an example of (i) stable, (s) unstable, (3) neutral equilibrium. 
A number of cubical blocks are piled one on the other so as to form a 

staircase, the breadth of each step being 2', and the side of each block being 
I foot. How many can be piled before the whole begins to topple 7 

9. A board in the shape of an equilateral triangle is hung horizontally 
by three vertical strings attached to its comers. Show where to place a 
weight so that the tensions in the strings may be as I : 2 : 3. (N^lect the 
weight of the board. ) 

10. An elevator-cage is suspended by a rope passing over a smooth 
pulley and having a counterpoise equal to the weight of the cage at its other 
end. The tope between the weight and the pulley passes through the CE^e 
andean be handled by anyone within. A person of weight f*" steps inside, 
and by the friction of his hands on the tope reduces the downward accelera- 
tion to ig. Find the tenaon on the rope produced by the friction of his 
hands. Take the weight of the cage to be IV, and that of the rope to be 
negligible. 

1 1. A wedge has one bee resting on a smooth table and is free to move. 
A smooth particle of half its mass is placed on the other lace, one foot from 
the edge. How long will it lake to reach the table, the angle of the wec^ 
being 30°? 

15 
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12. In Atwood's machine where two masses ui^ and m^ (vi]>fH,) axt 
connected by a light string passing over a smooth pulley, find the tension of 
the string during the moiion. 

If the pulley ascends with a uniform acceleration equal to \g, find ttie 
change in the tension. 
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FOR ADMISSION INTO 

^osal JEtUitars Ju:abem8, 8BooItDith, 
November, 1899. 



I. PART r. First Pafbr. 
[Great imfioriatue is allached te aauraty,'\ 
I. From t-f + iuke4(i-i + f), and simplily the ftaction 

A+A-A ' 

z. If one perch of wire weigh 24 lb. 12 oz. and oat mile of the same 
wire cost £v}. \Qs. ad., how much would 8 cwt 3 qr. 8 lb. of the wire 

cost? 

3. Find the presmt worth of £*p^. ly. od. due 73 days hence at 4f 
per cent. 

4. Extract the square root of 108241. 

How many whole numbets between lOO and 100,000 are perfect 

;. A certain lei^h of pathway has to be constructed ; it is found thai 
three men can construct one-lifth all but one mile in two days, whilst 
18 men can construct one mite more than two-Gfths in one day. What 
is the length of the path ? 

6. Two numbers differ by 6 ; show that if 9 be added to their product 
the sum will be a square number. K the square root of (his sum be 13, 
find the two numbers. 
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J. Multiply ai'-i^r + js by ii=- ijjr-f 15, and divide the result by 



8. Solve the equationi 




(i. 


) ^-^=1^ 


(iL 


) ^■-^■^ 


9. Solve the equation 





10. Having given the firel tenn and the 
Arithmetic Precession, find the expression for the sum of » terms of the 

Find the sum of 35 tenns of the series 

I + 2 + 3 + 4+-. 
and find the value of n when the sum of n terms of [he series 

exceeds by 1 36 the sum of 35 lerms of the preceding series. 

11. Write down the expression for the number of permutations of » 
things (alien r together, and hence deduce the expression for the namber 
of combinations of h things taken r ti^elher. 

Of 15 men, 10 can row and cannot steer, and five Can steer and cannot 
row ; find how many boats crews of eight rowers and a coxswain can be 
formed out of Ihe 15 men. 

12. Write down the expression for the coefGcient of 3f in the expansion 
of (i +x)'^, and find the greatest coefficient in the expanaon of (i+.ir)*. 

Also find the value of x when the fifth term in the expansion of (1 + 1)' 
is equal to the number 70. 
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ri. PART I. Sbcokd Papbr. 

N.B. — lit questions en Geomelry ordinary aitrezdaUoiis may bt tmplayed, 
but the method of proof must be geometrical. Proofs other thaii Eucliits 
must not violate Bacli^S scqtunce of propositions. In the absence of 
special directions to Candidates, any of the propositions within the 
limits prescribed for Examination may be used in the solution of 
problems and riders. 

1. Define an isosceles triangle, a circle, and parallel straight lines. 
Construct an isosceles triangle for which each of the equal sides shall 

be double the base. 

2. Show that any two sides of a triangle are together greater than the 
third side. 

Show that of triangles described on a given base, and having a given 
area., that which has the least perimeter it isosceles. 

3. Divide a given straight line into two parts so that the rectangle 
contained by the whole and one part may be equal to the square on the 
other part. 

If the line be divided so that nine times the rectangle contained by the 
whole and one part is equal to four times the square on the other part, 
find the point of divi^on. 

4. Prove that the angles contained by a tangent of a circle and a 
chord of the circle drawn from the point of contact of the tangent are 
respectively equal to the opposite angles subtended at the circle by the 

Describe two circles to touch two given circles, the point of contact 
with one of these given circles being given. 

5. The radii of two intersecting circles are respeclivelf 15 inches and 
13 inches, and the comnlon chord of the circles 24 inches long. What 
length of the line joining their centres lies within both circles ? 

6. Constract the centre of the circle inscribed m a given triangle. 
Prove that, if ASC is the triangle, / the centre of the circle, D (he 

middle point of BC, L the point where Al produced meets BC, and F 
the foot of the perpendicular &om A on BC, then L tics between P and D, 
(he sides AB and AC beii^ unequal. 
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7. State the celacion between the areas of similuc triangles and the 
lengths oT their sides. 

On the base BC ai a iriangle ABC as diameter a circle is described 
cutting Ihe sides AB and AC 'va P and Q. Prove that, if the triangle 
APQ is half the triangle ABC, then PQ is the side of a square which can 
be inscribed in the circle. 

8. In one side AB of a paralielt^ram ABCD a point P is taken so 
that ■iAP= %PB. Find the point Q in CD such that the area of the figure 
APQD is half the area of the parallelogram. Compare the areas of the 
triangles PQC and PQD with the area of the parallelogram. 

9. A frustum of a pyramid is contained between two parallel planes 
distant 9 feet apart, and the areas of the parallel &ces are 5 square feet 
and zo square feet. Determine the height of the pyramid and the volume 
of the frustum. 

10. A square whose ^de is of length i foot revolves about aae 
diagonal. Determine, to the nearest square and cubic inch respectively, 
the area of the surface, and the volume of the figure traced oal. 
(' = 314159-) 
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III. PART I. Third Paper. 



I. Define the tine and cesau of any angle. 

Show that the sine of an acute angle is greater or le$s than the cosine, 
accordir^ as the angle is greater or leas than 45°. 

z. Prove by geometrical constructions that for all values of A 
(L) sec^-i = I + tan'yJ ; 
(ii.) sin^ = -cos(90' + ^). 

3. If ZJ be the number of d^rces in the smallest positive angle having; 
its sine = (, find the values of 

cos(i8o-a)% sin(i8o + Z))°, Va^dto-Df. 
Al^o write down a general formula including all angles whose 
sine= +J and cosine= ~\. 

4. Wiile down (without proof) formatae expressing sin(0-f^) and 
cos(0 + ^) in terms of (he ^nes and cn^nes of 6 and 0, and thence ex[Hes$ 
tan 30 in terms of tan 9. 

Show that 

sin2fl = l-cos2tfcot(- + #J. 

5. If be the circular measure of an angle, prove that, as is tn- 
definiteiy diminished, the ratios 0:sintf, 9:tan0, approach to the limit 
unity. 

A man standing beside one milestone on a straight road, observes that 
the foot of the next milestone is on a level with his eyes, and that its height 
subtends an angle of z' 55°. Find the approximate height of that mik' 
slone. (ir = V-) 

6. Writedown the values ot sin 36° and cos 36° as given by your tables. 
Calculate the sum of the squares of these numbers to six decimal places, 
and explain why the result differs lirom unity. 

ABCDE is an equilateral and equiangular pentagon. Show that if 
the distance of A from 5 or £ be 34 inches, its distance from C cs D will 
be 55 inches nearly. 

7. In any triangle prove that 
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If BC be 25 inches, and CW be 30 inches, and if the angle ABC be 
twice the angle CAB, find the angles of the triangle ABC, and show thai 
the length of the third side AB\% ti inches. 

8. P, Q, A' are three villages. P lies 7 miles to the ncMrth-east of Q, 
and ^ lies 11} miles to the north-west of P. Find the distance and bearing 
of P from ff. 

9. Define the Icgarithm of a number to a given base, and show that 
the logarithm of a number to a base i may be obtained by dividing its 
It^rithm to a base a by lag^i. 

Find the It^aiithm o( 83 to tiase 19 as accurately as your tables permit. 
If.r = loE^,, y = l(^jfa, and z = lop^, prove that 

to. Pmnt out the use of Ic^rithms in bdlitating numerical calcula- 
tions, and employ the tables to obtain the values of 

.. . 327-4X Vo^00o6 . 



(ii.) 



mas c 



.130° 
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IV. PART 11. First Papbr. 

\FttU marts viUl be ga/m far aieut three-quarters of this p(^ir.'\ 

1. Investigate the connexion between the coefficients of the equation 

and the simple symmetric functions of its roots. 

Express {l) ihe sum of the squares, (2) the sum of the fourth powers of 
the roots of the equation in terms of the coefficients. 

z. Find the general term of the series 

(j:+3r-'+(jr+3)''-v+2)+u+3r-v+i)'+- 

when ii has been arranged in descending powers a( x. 

3. Prove that two circles cannot intersect in more than two points. 
Draw a circle to pass through two given points, and to touch a given 

How must the positions of the points be limited ? 

4. A triangular plot of grass has sides a, b, c feet in length ; it \i 
bordered by a pathway m feet in breadth. Find the area of the pathway, 
and if the comers be rounded off by arcs of circles so that no part of the 
boundary is more than m feet from the grass, find by how much the area 
will be diminished. 

5. Find an expression for cos(a + ;9+T)in tenns of sines and cosines 
of a, 3 and f. 

Prove the identity 

cosaoos(^ + T) + cos^cos(7 + "} + cos>cos(a + ^) 
= cos(a + ;9 + 7) + 2cos«cos3cosT. 

6. A man has before him on a level plane, a conical hill of vertical 
angle 90°. Stationing himself al some distance from its foot he observes 
the angle of elevation a of an object which he knows to be half way up to 
the summit. Show that the part of the hil! above the object subtends al 
his eye an ai^le 

. I tana(i-tana) 
l-l-Una(l + 2tana)' 
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7. Prove that there can be but one perpendicular to 3 plane from a 
pubt without the plane. 

8. The base of a i:7raniid is an equilateral Cmngle, and the aisles at 
Ihe vertex are right angles. Show that the sum of the distances of the 
faces from any point in the base is constant. 

If a side of tbe base be one foot, calculate the volume of the pyramid 10 
the nearest cubic inch. 

9. The ungents at points P.Qaia. conic intersect in T. Prove that 
TP, TQ subtend equal or supplementary angles at a focus, and separate 
the cases. 

10. Prove that all chords of a conic drawn through any point are cut 
harmonically by that point and its polar with respect to the conic 

A ia the verier, and AS the major axis of a conic. Lei the taagenl at 
any pomt P of the curve meet BA produced in T. Join PA, PB, and 
produce these 1ii>es to meet a straight line drawn through T perpendicuhtr 
to AB in R and Q. Prove that TR= TQ. 

11. /* is a point on a conic whose vertex is A and focus S, and G is the 
fool of Che normal through P. Prove that SC = eSP. 

12. The ratio of the rectangles contained by the s^ments of any two 
intersecting chords of a conic is equal to that of the rectangles contained by 
the segments of any other two chords parallel to the former, each to each. 

A, B, C, D are four points on a conic, which lie upon a circle. Show 
that the lines AB, CD ate equally inclined to the aids, and that the same 
proper^ is enjoyed by two other pairs of lines. 
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V. PART 11. Second Papbr. 



[Full marks may be obtaimdfor abatU three-quarters of this paptr. Grm-i' 
iational acceleration may be taken equal to yi feet per !econd.'\ 

1 . Slate the triangle of foices. 

Three forces act along the sides AB, BC,Ka& AC ols.wSxa^'t ABC, 
and are represented in magnitude by AB, BC, and twice AC respectively. 
Find the magnitude and line of action of their resultant. 

2. If three coplanar forces are in equilibrium, prove that (hey must 
either be parallel or all meet in one point. 

A uniform heavy rod rests with its extremities on two smooth inclined 
planes sloping towards each other at inclinations to the horiion of 30° and 
60°. Find the inclination of the rod to the horizon in the portion of 
. equilibrium. 

3. The uniform rod ABt 4 feet long, b hinged to a vertical wall at A, 
and supported in a horizontal position by the string CD attached to the rod 
at C and the wall at D, a point 4 feet above A. If the weight of the rod is 
10 Ih., and AC is 3 feet, find graphically the tension in the string, and the 
magnitude and line of action of the reaction at the hinge. 

4. Find the magnitude and position of the resultant of pamllel forces 
of I, 2, 3, 4, 5 and 6 Ihs. acting in vertical lines at distances I foot apart in 
the same vertical plane, the forces of 1, 3 and 5 lbs. acting upwards, and 
the forces of a, 4 and 6 lbs. acting downwards. What is the distance of 
the resultant from the force of I lb. ? 

5. A wire is bent into the form of a triangle. Give a construction for 
its centre of mass. 

If the sidei of the triangle are S, 12 and 13 inches in length, find the 
distances of its centre of mass from the two shorter sides, 

6. Draw two different systems of weightless pulleys each of which 
gives a mechanical advantage of 8. 

A number of pulleys of equal weight w are arranged in the system in 
which each pulley hangs by a separate string, and the lop string passes over 
a fixed pulley to allow of the " power " being applied downwards. Prove 
that the weights of the pulleys may be counterpoised by attaching a weight 
If to the lowest pulley, and a weight re to the string intended to support the 
"power." 



p:h»Google 



WOOLWICH ENTRANCE EXAMINATION. 

7- Define aatltratian, and explain how it is measured- 
Find the initial velocity and the acceleration of a body which describes 

30 centimetres in the first five seconds, and 50 centimetres in the next three 

seconds of its motion, the acceleration being unifaim. 

8. A body is projected vertically upwards wilh a velocity of 80 feel per 
second. Find and represent in a figure its positions after I, 2, 3, 4 and 5 
seconds respectively, and when at its greatest height. 

If a second body is projected at the same instant with a velodty of 90 
feet per second, how far apart will the two bodies be after 4 seconds f 

9. State Newton's Second Law of Motion, and apply it to the follow- 
ing problems : 

(i) A body weighing 80 grains sliding down an incline of 30° from rest 
describes 5 feet in the first second. Find the tetacdicg force up the plane. 

(ii.) A body of weight W^isacled on by gravity and by a force J^3H' 
acting in a direction inclined at 30° to the upward diawn vertical, find the 
direction in which the body b^ns to move. 

10. A mass P aa a. smooth horizontal table is connected with unequal 
masses Q and K by strings passing over smooth pulleys at opposite edges of 
the table. Find the acceleration. 

If C = ? lb. and R = 2 lb., the system starting from rest describes 5 feet 
in the first second. If ^ = 4 lb, and R-i lb., the system describes 4 feet 
in the first second. From these data determine P and the acceleration of 
gravity. 

11. A body is projected with velocity F' in a direction inclined at an 
angle a to the horizon. Find the time of flight and range on a horizontal 
plane. Also prove that the former is twice the lime taken to reach the 
greatest he^ht, and the latter is twice the horizontal distance described 
when at the greatest height. 

12. A particle is revolving with speed i' in a circle of tadius r. State 
and prove the formulae for the acceleration, ptnnting out in what direction 
this acceleration acts. 

If the moon revolves about the earth in a circle whose radius is 240,000 
miles, perlbrmii^ one revolution in 30 days, find its velocity and acceleration 
in foot-secortd units. 
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VI. PART III. First I'apbb. 
[Full marks will be given for about two-thirds of Ihh papa:\ 

1. Prove that the principal ordinate of any point on the parabola is a 
lean propoittonal to the abscissa and the latus- rectum. 

A diameter PM is drawn through the point /" of a parabola so as lO' 
leet the tangent at the vertex A in M; MN is drawn at right angles to 
'/* to meet the axis in N. Prove that AN is equal to the latus-rectum. 

n ellipse, find the loous of the 

If the length of the major axis of the ellipse be given instead of one of 
the two points, show that the centre lies on a certain circle. 

3. Construct the circle whose rectangular equation is 

Take a point P on the positive part of the axis of x ; bisect OP, being 
the origin, in Q and draw a straight line QAB passing through the centre 
of the circle and cutting it in the points A, B. Find the equation of the 
circle passing through the points P, A, B; find also its radius, and show 
thai it touches the axis of a' at P. 

4. Describe the circle 

:»*+>= = (*, 
and draw the lines 

Find the equation of the line joining the feet of the perpendiculars upon 
these Imes from any point (17, b) on the circle. 

Prove that this line also passes through the fool of the perpendicular 
from the point {a, b) upon the line zy + c = o. 
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5. Establish the equation of the normal to a parabola in the form 

Find the co«>rdinates of the point at which this straight line is the 
normal. If y^ be the ordinate of this point and y^ that of the middle point 
of the normal chord through the point, prove that 

6. Chords of a parabola are drawn through a given point in its plane, 
find the locus of their points of bisection, and discuss the nature, position, 
and dimensions of the locus for various positions of the given point 

7. Give a geometrical interpretation of the circumstance that the 
equation of a hyperbola results from the elimination of X between the 
two equations 

8. A heavy particle hangs by a thread which is then drawn out of Ihe 
vertical until it makes an angle with it. The particle is held in this position 
by a horizontally applied force, which after a time is suddenly withdrawn. 
If the tendons of the thread before the withdrawal and immediately after* 
wards be 4 poundswe^ht and 2 poundsweiglit respectively, find the weight 
of the particle. 

9. Give an example of equilibrium of a body in which friction is one of 
the forces, but the limiting friction is not broug^it into play. ' 

A uniform beam AB of weight la rests with one end A upon a rough 
boriionlal plane and has its other end B attached to a string, which passes 
.over a smooth pulley E and supports a weight P. Find the position of 
.equilibrium for any value of the ftiction which does not exceed the limiting 
friction. 

10. State Uoolce's law in regard to the extension of an elastic cord. 

A light extensible cord is attached to two points in a horizontal plane, 
its unstretched length being equal to the distance between the points. At 
its middle point is placed a heavy bead so that in the position of equiUbrium 
the parts of the cord each make a very small angle, whose circular measure 
is a, with the horizontal. Show that if the extension of the cord be pro- 
portional to the tension and a force of P pounds be necessary to double the 
lei^th of the cord, the weight of the bead is approximately a'/* pounds. 
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11. In the case of the path of a projectile in vacuo, show thst, for a 
given velocity of projection, there are in general two directions of projection 
which wilt cause a given point to be struck. If the two directions coincidi-, 
prove that the angle of elevation is tan"'—, where o is the horiiontal dis- 
tance of the point and k the height due to the initial velocity, and show 
further that the point is situated upon the parabola 

the axes bdng through the point of projection, that of x horizontal and that 
of ^vertical. 

12. A uniform chain hangs by one end and sustains a load at the other. 
Show how to draw a diagram to represent the work done when the chain is 
wound up so as to raise the load. 
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Vir. PART III. Second Papbb. 
\_FuU marks wili bi ghienfor about two-thirds ^ Ihis fafitr.'] 

I. Prove that the semi-latus lectum of any conic is a barmoiuc mean 
between the s^ments of any focal chord. 

Prove also Chat the length of any focal chord of a parabola is equal to 
^P, S being the focns, and /'the extremity of the diameter which bisects 
the chord. 

3. Give a construction (or drawing two tangents to an ellipse from a 
given point. 

Delining an asymptote of a hyperbola as a tangent whose point of contact 
is infinitely distant, show that the lines joining the centre of a hyperbola to 
the pmnts where a directrix cuts the auxiliary circle are asymptotes according 
to this definition. 

3. Interpret the constants in the equation of a straight line expressed 

(i.) in the form j" = mjr + i ; 

(ii.) in the form x = Hy-^a. 

If the axis of y is measured vertically upwards, prove that y - mi! - * 

represents the vertical height of the point (y, y) above the line whose 

equation is j' = nu:4-J. Deduce the length of the perpendicular from the 

point {j:',y)on the line^i:o«- + A, 

4. Show that the equation 

represents two straight lines. If Ihese are inclined to the axis of j: at angles 
>0, and S^ express tan(0g-0,] and tan(0, + 9,) in terms of «, k, b. 

5. Find ihe co-ordinates of the middle point of the chord which the 
circle x^ -l-j* -zx-^iy=% Cuts off on the line y = x-\. 

Find also the locus of the middle points of all chords of the circle which 
are parallel to the line y-x-l. 

6. Prove that (he equations 

}f = ^a[x + a) and y= -4i(i-A) 
represent a pair of parabolas having the same focus and axis. Find the 
<o-ordinates of their points of intersection, and prove that at each of these 
points the tangents to the two parabolas are at right angles. 
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7. Define the eccealrit angU of any point on an ellipse. Find the 
equation of the chord joining the points on (he ellipse 

whose eccentric angles are i, 0, and deduce the equation of the tangent at 
the point whose eccenUic angle is f. 
Piove that the equation 

«■!>■_, 
ir'cos'a i^^*! 

s of ellipses all inscribed in a 

S. A uniform ladder of length / and weight w is being gradually tilted 
off the ground by a man who can teach up to a height h. If the ground be 
perfectly smooth where the lower end touches it, and if />2A, prove that 
the ladder cannot be raised into a vertical position unless its lower end he 
weighted, and lind the least weight that will suffice. If the ground be 
rough, show by a diagram that as soon as the inclination of the ladder to 
the vertical is less than the angle of friction the ladder may be supported at 
a point below its middle point, provided that a force of suitable magnitude 
and direction be applied to the point of support, and show how to deter- 
mine this force when equilibrium is limiting, having given its point of 
application. 

9. State Newton's Third Law of Motion, and show how it aftbrds a 
meansof comparing the masses of different bodies. 

A body moving with velocity 5 feel per second overtakes another body 
moving with velocity 1 foot per second. The first body rebounds with 
velocity 1 foot per second, its direction of motion being reversed, while the 
second body has its velocity bcteased to 2 feet per second. Compare the 
masses of the bodies, and find the coefficient of restitution. 

10. A stone is being whirled in a dtcle in a vertical plane at one end 
of a light string of which the other end is fixed. When the stone is at the 
highest point of the circle, the tension in the string just vanishes. Find 
the tension in the string when the stone is at the lowest point of the circle 
and when it is at the end of a horizontal diameter, expressing the result in 
terms of the weight of the stone. If the string be cut at the instant when 
the stone is ascending vertically, determine in terms of the nxdius of the 
circle the height to which the stone will rise. 

15 
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1 1. Prove that the work done in ntmng a number of weights through 
diflerent heights is equal to the work which would be done in raising a 
single weight, equal to the sum of the weights, through a heighl equal to 
the height through which the centre of gravity of Ihe weights is raised. 

A lake whose superficial area is half a square mile has ila surliu:e at a 
height of 95 feet above the sea level. If the water is run off till the surface 
b lowered by ten feet, calculate the value of the work which can be done 
in driving machinery by this water in its descent to the sea, a cubic foot of 
water being assumed to weigh ia.\ lb., and work being valued at a half- 
penny per horse.powei per hoar. 

1 2. A number of particles are placed on a rectangular sheet of paper. 
Given the masses of the particles and their distances from two adjacent 
edges of the sheet, find the distances of iheir centre of gravity £rom these 
edges, 

A series of cubes of the same material are ptled one above the other on 
a horizontal plane. The lengths of the sides of the cubes, banning with 
the lowest, are la, zar, sai^, aor^, and so on in geometrical progression. 
If there are n cubes b the pile, find the height of the centre of gravity of 
the whole system above the horizontal plane. If the number of cubes is 
infinite, r beii^ less than unity, prove that the height of the centie of 
gravity of Ihe pile is 
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MATHEMATICAL EXAMINATION PAPERS 



IRogal cIRtlttairg Jlcabemg, SHooItoich, 
June, 1900. 



OBLIGATORY EXAMINATION. 
I. PART I. First Paper. 
( Greal importance viUl be attachtd la accuracy. ] 
I. Express as single decimals 

(I) 0-125 xo'9i53^o-07iS. 

a. What income will a man receive from investing £"Xx> in a 3j per 
cent, stock at lizj? 

If he sells out his stock Ett 105, what loss of capital will he sustain ? 

3. Find the true discount on ;£3570. iSs. 41/,, due 50 days hence, al 
3J per cent, per annum. 

4. A beam, having a square section, is 9 ft, long, and weighs 3i cwt. 
A cubic foot of the substance of the beam weighs 3a lbs. What is the 
thickness of the beam ? 

5. A dishonest triidesman marks hts goods at an advance of 5 per cent, 
on the cost price, but uses a fraudulent balance, whose beam is horizontal 
when the weight in one scale is one-fifteenth more than the weight in the 
other. What is his actual gain per cent.? 
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. man walks a third as &r agab as a boy in a given time. His stride 
s longer than the boy's, and he takes 125 strides per minute, 
while the lx>y takes only 100. At what rate in kilomelres per hour does 
each walk P 

7. Multiply 7jr'-i3i + 6 by 6j"-35i+II, and divide (he result by 



J^-i<w+3. 




8. Solve the equations 




"■' '-r'-'^ 


.y^,(ii.,9x«+.7-- 






(«*+23"j.= . 


(^ + a)(« + M,) = (^-a)'. 



10. Having given the first term and the constant ratio of a geometric 
progression, find the expression for the sum of the first n terms. 

Find the sum of ten terms of the geometric series 

3 + 6 + 12 + 24 + ... 
What is meant by sayEng that the sum to infinity of the series 

isz? 

11. Knd the number of combinations of n things, r at a time, not 
assuming the formula for the number of permutations. 

In how many ways could a parly of five scouts be selected from 20 
available men ? In how many ways could the twenty men be formed into 
four parties of five scouts, to proceed in different directions ? 

12. Prove the binomial expansion, « being a positive int^er. 
If (i+*r = > + '<iJ^ + 'Vt' + «i^+ -. 

where », = «(«- !).,,(« -r+i) -rr!, 

find the value, when n = 9, of i -Wj+n^ -«,■)■ Kg. 
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II. PART I. Second Paper, 

N,B. — In juatiem on Geomtlry ordinary abbrndaiians may he emftayat, 
bttt Iht melhed of proof must fe geomelrieal. Proofs other thoH Etuli^i 
must not violate Euclid's siguenct of propositions. In the obseHa of 
special diretlions to Candidates, any of tht propositions aiithin the limits 
preserved for Examination may be used in the solution of problems and 

1. Prove that two triangles standing on the same base and between 
the same parallelE are equal in area. 

Hence show that if two triangles have two sides of the one equal to two 
aides of the other and the contained angles supplemental, they are equal in 

2, Any point, /", is taken on a diagonal of a parallelogiam, and 
through the point are drawn two parallels to the ^des ; prove (hat the 
complements of (he parallelograms about the diagonal are equal in area. 

Ascertain for what position ai P on the diagonal the area of each of 
these complements is greatest, 

3- Show how to find the centre of a given circle. 

Being given an arc of a circle, show how to describe the whole dicle. 

4. Prove that the angle subtended at the centre of a circle by any arc 
is double the angle subtended by the arc at any poini on the circumference. 

From this show that the sum of a pair of opposite angles of a quadri- 
lateral in a circle b two right angles. 

5. Show how to divide a given right line into three equal parts. 
From the process employed (or otherwise) show (hat the bisectors of 

any two sides of a triangle drawn from the opposite vertices trisect each 

6. Inscribe a circle in a given triangle. 

ABC is a right-angled triangle, A being the right angle. Prove that 
the hypotenuse BC is eqoal to the difference between the radius of the 
inscribed circle of the triangle and the radius of the circle which touches 
BC and the other two sides produced. 
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7. Prove that the sides about the equal angles of tiiangles which are 
equiangular to one another are proportionate, and that those which are 
opposite to the equal angles are proportionals. 

Fbd the point P'm the side AC of a triangle ABC such that the rect- 
angle contained by AP and AC is equal to the square on AB. 

8. AB is a chotd of a circle, centre C, equal in length to the radius of 
the circle. If the length is eighty-five inches, find, to the nearest inch, the 
length ofthe arc .4^. 

[x = 3-i4i6.] 

9. The cross-section of a wedge, in the form of a right triangular 
prism, is an equilateral triangle, the side of which is eleven inches ; if (he 
length of the wedge is thirty-seven inches, find, to the nearest int^er, the 
number of square inches in the total surbce of the wedge. 

10. A railway cutting 8 metres deep has to be made, with one side 
vertical and the other inclined at 30 degrees to the vertical ; the bottom is 
to be 9'4 metres broad. How many cubic metres (to the nearest integer) 
of earth must be removed per kilometre ? 
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Ill, PART r. Third Paper. 

I. Explain the sexage^nul measure of angles. 

The earth revolves once in 24 hours ; express in senagesimal r 



Z. Define the msint of an angle, explaining how its algebraic sign is 
determined. In which quadrants is the cosine positive ? 

Constmct an angle whose cosine is - ^, and find its remaining trigono- 
metric ratios. 

3. Slate and prove the values of the sine, cosine, and tangent of 30°. 
A man 6 feet high observes the elevation of a tower to be 30° when he 

is standing 80 feet from the base of the tower ; find (to the nearest foot) the 
height of the tower- 

4. Prove that an"fl + tan's = secW - cos's, and solve the equation 

secfl + tanS = V3- 



5- If 



i"(fl-° ). „sin(e-^-a) 



express 3r° + ai)'cose+j^ in terms of .y, X, and o 



7. One side of a right-angled triangle is 6*432 feet long, and the angle 
opposite lo it is 37° 27'. Find (i.) the area of the triangle ; (ii.) the length 
of the perpendicular from the right angle on the hypotenuse. 
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8. In «ny triane'e show that 

If d = 17, A= 18, r^ ■% calculate A as accuiately as your tables permit. 

9. Prove that the li^tithm of a product U the sum of the logarithms 
of its bctois, the base remaining the same. 

\ii~ 3*71818, employ the tables to lind lc£io2, Ic^io. and log^. 

10. (i.) Solve the equation 

(it ) Fbd the number of digits in 19". 

(iii ) Find the numl^et of zeros following the decim&l place in the 
value of i,-^)^. 
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IV, PART II. First Paper. 
[Full marks will be given for about three-quarters of thi; faper.\ 

I . Obtain the common diHerence, the n" term and the sum of » terms 
of the arithmetic prt^ession whose first and second terms are u and v 
respectively. 

Show tliat this sum may be written in the form na ■ — where 

(if - is a proper fraction) i is the " smn to infinity " of the geometric pro- 
gression », ti,... 

2. Write down the ?** term of the expanuon of (l + J)" in a series of 
ascending powers of j. Hence obtain, and reduce to its simplest form, the 
r'^ term («,) in the expansion of ( l - jx) ">*•. 

If fi, q are positive integers, p being less than q, and if ;j^ is a positive 
proper fraction, show that the ratio Ur+\ : Ur is positive and less Chan qx. 
Hence prove that the sum of Ihe terms which follow the r** term ("the 

remainder after r terms "I is less than —^ — h- 
l-SX '■ 

3. Prove that (he straight line joinii^ the middle points of two sides of 
a triangle is parallel to, and is equal to half Ihe length of the third side. 

If ABCD be any four-sided figure the three straight lines joinbg the 
middle points of ^S and CD, of-iCand 5A of ^Z) and JC respectively, 
meet in one point which bisects each of the joining lines. 

4. Construct an isosceles triangie ha\Tng each of the angles at the base 
double the vertical angle. 

A is the vertex and BD the base of the isoceles triangle ; C is the point 
on AB used in the construction ; ^ is the middle point of BD, and AM 
intersects CD in N. Show that the ratio AM: NM is equal to the ralio 
of the perimeter of ABD to its base. 

5. A,B, Care three angles whose sum is aSiand 6 is an angle deiitiecl 
by the equation 
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.siS=^ 



\ca&{S-B-\co&\_S-C\ 



(i. The lei^hs of the ^des of a triangle are 375 iinks, 452 links, and 

547 links. Find the length of the pecpendicutar upon ihe shortest side 
from the o[^>osite comer, and the radius of (he inscribed circle. 

7. If a straight line be at right angles to two other straight lines which 
cut one another then it is at right angles to the plane containing these lines. 

8. A solid cube (edge, 10 inches long) is perforated so that a square 
pyramid just fits into the hole. The pyramid has a base equal to a &ce of 
the cube and a height of 20 inches, and when it is lilted into the hole its 
bate lies flush with the surface .of the cube, and its vertei projects beyond 
the &ice opposite to the base. What is the aiea of the whole surface (inside 
and oulside) of the perforated cube ? 

9. State the focus-directrix definition of a conic section. Show how 
. points upon the conic may be fouud directly from the definition. 

An arc, AB, of a circle is bisected by a diameter of the circle. If this 
diameter be taken as directrix and the point A be taken as focus, find the 
eccentricity so that the conic may intersect the circular arc in one of the 
two points that divide it into three equal parts. 

10. Given a focus, the corresponding directrix and one point, F, ai e. 
conic construct the tangent at P. 

Prove the proposition you use for this purpose. 

ti. PTi% a straight line touching a conic at P. TKS& at right angles 
to the focal distance SKPaaA TH is at right angles to the directrix XH. 
Prove that SK : TH is equal to the eccentricity, 

12. Prove that the semi-latus rectum is the harmonic mean between 
the two segments of any focal chord. 
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V. PART II. Second Paper. 
\_FuU marks viUl be givat for abeul three- quarlers ^/^>/o/er.] 

1. Show how to resolve a given force into two components, one of 
which is given in magnitude, direction and sense. 

A force R is resolved into two components, one of them being in a line 
making an angle 6 with the line of action of A' ; find the least possible 
magnitude of the other. 

2. ^ is a point 4 feet to the left of and I '2 feet veitically above B. A 
string, attached to the point A, passes over a smooth fixed peg B, and 
supports a weight of ig lbs. ; at a point C of the string a second string is 
knotted to the first and pulled downwards with a tension /*. Determine 
the magnitude of /". (.JC = 3'2 feet, BC-2"J feet.) 

3. A light rod AB, length 3'Z feet, can turn in a vertical plane about 
a hinge at A, and supports a weight of 10 lbs. at D, its middle point, and 
the system is supported in a horizontal position by a light rod CB, C being 
fixed z'4 feet vertically under A ; find graphically the thrust in the rod CB. 

4. Prove that, if the lines of action of two forces intersect, the sum of 
their moments about any point in their plane is equal to the moment of 
iheir resultant about the same point. 

A uniform circular disc of weight if is supported in a vertical plane on 
two smooth pegs, which are so placed that the line joining them subtends a 
right angle at the centre of the disc, and makes an angle o (<45°) with the 
horizontal. Determine the pressure on each p^. 

5. Find the magnitude and line of action of the resultant of two 
parallel forces acting in the same sense on a rigid body. 

The bar of a common steelyard is 3 feet long, weighs 3 lbs. , and is sus- 
pended at a point distant 1 inches from one end, and its centre of gravity is 
distant 3 inches from the same end. Find the greatest weight that can lie 
weighed with this steelyard, the movable weight being 5 lbs. 
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6. Three pieces of wire of equal weights and unequal lei^hs iu« 
joined t<^ther so as to form a triangle. Find its centre of gravity. 

Three pieces of wire of equal lei^ths, weighing i, 2, and 3 giains 
respectivelj, are jroned tc^elhei so as to form a trial^le which is hui^ up 
by the coraer opposite to Che heaviest side. Find the depth of the centre 
of gravity below the comer. 

7, Prove the formula for unifoimly accelerated motion s = wf 4 i^. 

A particle moves liom a point A ma. str^ht line with unifoim velocity 
V ; and a second particle starts Irom rest at A at the same instant, and 
moves in the same direction along the same line with uniform acceleration _/! 
Find the greatest distance between the particles before ihe second over- 
takes the first. 

S. The velocities of two moving points being given, determine their 
relative velocilj'. 

Two particles move with constant velocities along two stra^ht lines 
which cut at right angles ; prove that, if the second moves through the 
point of intersection with velocity n at an instant when the first is distaol a 
from that point, the angular velocity of the line joining them when the 
distance between them is r is im/A 

9. A body of mass m slides down a plane of inclination a to the hori- 
zontal under gravity and a constant resistance F, acting up the line of 
slope ; find its velocity after descending a height h. 

If the body is projected up the plane with this velocity, and moves 
under gravity and the resistance F, acting down the line of slope ; lind how 
far it ascends before coming to rest. 

10. Two bodies whose masses are m and m' are connected 1^ a cord 
passing over a smooth pulley. The pulley is at a height ih above a table, 
on which is another body of mass m - m', vertically under ru', and attached 
to m' by another cord of length h. The system is let go from a position in 
which m' is at a height J4 above the table, and the table does not interfere 
with the motion of m. Find the velocity of m' just before the second cord 
becomes tight. 

Find also the velocity of iw just after the second cord becomes tight. 



is projected from a given point with a given velocity, 
in inclined plane through the point of projection. 
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Prove that, if the angle of elevation at starting is such as to make the 
range as great as possible, the velocity of the particle when it strilies the 
plane will be as small as possible, the farther extremity of the range being 
at a higher level than the point of projection. 

■ 2. A particle of mass m is describing a circle of radius r with uniform 
speed V. State (without proof) the magnitude and direction of the force 
acting upon it. 

To a string, of which one end is fixed, are attached two particles of 
equal masses at the fuTthei end and the middle point ; and the two particles 
describe chcles unifonnly, with the two portions of the siting always m a 
straight line. Prove that the tensions of the two portions are in the ratio 
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VOLUNTARY MATHEMATICS. 

VI. PART III. First Paper. 

[Full marks will be given for about two-thirds of this paper.'\ 

1. The tangents at two points /*, Q on a parabola, whose focus is S, 
meet at T; show that the angles TSP, TSQ are equal. 

If the anele FTQ be one-third of two i^ht angles and the finite line ST 
cut the parabola at R then the tangents at F, Q, R form an equilateral 

triangle. 

2. Prove that the feet Y, Y' of the perpendJcuUirs SY, SV drawn 
from (he foci 5, 5* of an ellipse to the tangent at any point F lie on the 
major auxiliary circle. 

From y another tangent YQ is drawn to the ellipse ; show that SQ is 
■ parallel to SP. 

3. Prove that the area of the triangle formed by the origin and the two 
points whose rectangular co-ordinates are (x^,y{l, (^j, j")) is i(.ri>j-ifjj^). 

Find the length of the perpendicular drawn from the origin to the line 
joining the pobts whose rectangular co-ordinates are (4, l), (7, 5). 

4. Show that each of the circles 

drcumscribea an equilateiaJ triangle which has one side lying along an axis 
of co-ordinates. 

Find the co-ordinates of the second point of intersection of these circles. 

5. Show that the paraboUe whose equations in rectangular co-ordiiiates 
are )^~ax = o, 3i^-fy = o have only one common chord which cuts the 
curves in real points. 
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If I'axiA P be the points on y-ax = o and x^-iy = o the tangents at 
which are parallel to this common chord, and S, S" ht the foci of the para- 
bolEB, then SPis perpendicular to S'P. 

6. If^and^' are the foci, 5£ the semi-latus rectum of an ellipse, and 
IS' produced cuts the ellipse at X, show that the length of the oidinate of 
Xisi—-~a where 2o lathe length of the major axis and ^ is the eccentricity 
of ihe ellipse. 

7. Find the equation of the tangent to the hyperbola -3 -p= 1 at the 
point {x-, /). 

If yii ya •>* ** ordinales of the points in which this tangent cuts the 
maiot auxiliary circle show that ~ + — = -j. 

' ri yi y 

8. A smooth pencil, whose cross-section is a circle of radius r, is laid 
upon a flat and smooth ruler whose breadth js ic, so that its axis is parallel 
to the edge of the ruler ; the two are now bound tt^ether by a siring which, 
passing under the ruler and over the pencil, lies in a plane perpendicular to 
the axis of the pencil ; show that the pressure between the pencil and the 

ruler is -^^ T where T is the tension of the siring. 

9. Enunciate the laws of statical friction. 

A pair of step-ladders stands on a rough horizontal plane with each of its- 
ladders on the point of slipping; show that the feet of the ladders are at a 



the length of each ladder. (The centre of gravity of each of the ladders is 
to be supposed to be half way up the ladder. ) 

10, Distinguish between stable, neutral, and unstable equilibrium. 

A uniform beam ASt whose weight is W, is moveable in a vertical 
plane about a hinge si. A\ to the end B, one end of a siring which carries a 
weight [fat its other end is attached ; the string is passed over a pulley at 
a height h{h> AB) vertically over A ; determine whether the beam is in 
stable or unstable equilibrium when it is in a vertical position above A. 

1 1 . Explain the meaning of the terms Work, Kinetic Eneigy. 

Find the greatest velocity (in mites per hour) at which an engitie of 
192 horsepower c?n pull a train of iSo tons mass along the level, the 
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frictional and other reslsmnces to the motion being l6 pounds weight per 
ton. (A horse-power is J50 fool-pounds per second.) 

13. State the laws which detenoine the velocities, after impact, of two 
smooth elastic spheres whose velocities before impact are known. 

A smooth billiard ball strikes another (of equal size) which is at rest, 
^and the direction of the centre of the former makes, just before impact, an 
angle of 30° willi the Ibe joining the centres of the two balls ; find the 
tangent of the angle through which its direction of motion is deflected t;^ 
the impact, the coefiicient of restitution of the balls being 0-4, and the 
motion being supposed to take place upon a smooth billiard table. 
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Vir. PART in. Sbcond Paper. 

[Piill maris viiil it given for about two-lhirds i^ this paper. The atiekra- 
tion due to gravity may be laien to be ^l/oot-saotui unils.'} 

1. Having given a focus, and one tangent of a parabola, and (he 
length of the laius Tectum, find the point of contact of the given tangent. 

2. Prove that any tangent of a hyperbola cuts off from the asymptotes 

If the tangent at P meets an asymptote in L, and the perpendicular 
from the centre C on the tangent PL is equal to the perpendicular from L 
on CP, the asymptotes are at right angles. 

3. The equation of a straight line being eipressed in the form 

'-o.y-i 
cos 9 sin 
interpret the geometrical meaning of either member of the equation. 

Straight lines parallel to y^iJ are diawn to cut the two given lines 
y=mx and y = rix; find the equation of the locus of the middle points of 
the parallel intercepts. 

4. Find the equation of the two straight lines drawn through the point 
(I, I) which are parallel respectively to the straight lines given by the 
equation x" + ^xy + ^jf = o. 

Find also the equations of the two diagonals of the parallelt^ram 
formed by the four lines. 

5. Form the equation of a circle of radius a touching both the axes of 
co-oidinates, and lying in the quadrant in which both co-oidinates are 

Find the aisles which a chord PQ passing through the origin O must 
make with the axes in order that OQ may be bisected at P. 

Find the equation of the tangent to the parabola >^-4ajr at the point 



(5.S> 



Prove that, if two tangents are drawn from a point on the line x= -4a, 
their chord of contact subtends a right angle at the vertex. 

7. Form the equation of the diameter of the ellipse x'/a'+y'l^- i 
which is [:onjugate to the diameter j's xtan 0. 
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Chords AP, AQ parallel lo the two diameters are drawn through the 
vertex (a, n). Prove that PQ makes with the axis of i an angle 
., 2taiifl 



8. A rigid body is under the action of any number of forces in one 
plane. State the conditions of equilibrium. 

A vertical post is held upright in contact with the ground by two cords, 
attached to pt^s on the ground at equal distances c from the foot of the 
post, and attached lo the post at heights a and 6 above the ground ; the 
cords being on either side of the post in a vertical plane. Prove that Che 
tangeni of the angle which the reaction of the ground makes with the 
vertical cannot exceed ^((a - A}/oi. 

9. Two particles of given masses are moving in a plane with given 
velocities in given directions. Determine the velocity of their centre of 

If the masses of the particles are m and w', and the velocity of m 
relative to m' ts of magnitude v and makes an angle a with the line drawn 
from m' lo m. determine the magnitude and direction of the velocity of m 
relative to the centre of mass. 

10. A body which weighs 10 lbs. is attached to a cord ]»ssing over a 
fixed smooth pulley, flJid the cord ia drawn over the pulley at a uniform rale 
of 3 ft. pet sec. What is Ihe mi^itude of the tension of the cord ? 

If the pulley is rigidly attached lo a moving platform, which is ascend- 
ii^ with an acceleration of 4 foot-second units, and the cord is drawn over 
the pulley as before, what change is made in tjie tension ? 

1 1 . Two particles of equal masses are attached lo the ends of a light 
siring of length /; one of them, A, is placed on a smooth table and the 
other, S, hangs just over the edge, the string being just tight. Find the 
magnitudes and directions of the velocities of the two particles (l) just 
before A leaves the table, {2) just after. 

12. A particle is projected from a given point with a given velocity in 
a given vertical plane ; find (he envelope of the possible paths. 

A shot is fired from a gun at the top of a cliff of height * with a velocity 
II ft. per sec Prove that, if the range measured from the foot of the cliff is 
as great as possible, the elevation a is given by the equation 
cosia = f*/U4 + »=). 
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^Bsl (^iXitarE ^^caiiemg, SKooItoich, 
November, 1900. 

OBLIGATORY EXAMINATION. 

I. PART I. First Paper. 
[GrecU imporiatue is attachtd to accuracy.^ 

1 . Expiess as a fraction in its lowest tenns 

(A- or I7) + H of Il6ftl X liH. of I44H- 

2. Calculate to five places of decimals (so that the erroi is less than 
0*000005) ''^^ value of the expression 

14-52. 1-575 
83-1 I3-8S' 

3. A rectangular field is 330 yards in length and 188 yards in breadth; 
find the number of acres in the field, and Che money which would be 
obtained by selling half the tield for ^17. 4r. td. an acre, and (he other 
hair for £z\. \y. 6d. an acre. 

4- A person, having four thousand pounds Eo invest, places ;C2<'(>0 in 
3| per cent, consols at gSi, and £2000 in India three per cents, at gSg ; 
find, to the nearest penny, the income thereby obtained. 

5. A railway train, 73 metres in length, is travelling at the rate of 
60 kilometres an hour on the up line, and another train, loi metres in 
length, is travelling in the opposite direction, on the down line, at the rate 
of 40 kilometres an hour ; find the time occupied by the trains in passii^ 
each other. 

w.p. I ai 
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If the tiains were travelling in the same direction, what would be the 
time occupied by the fester train in pisdng the slower train? 

6. A clockmaket was asked how many clocks he had, and replied ; I 
have nioie than 500 but less than looo; if I coant them four by four, or live 
by live, or dx l^ six, there remains one over, if I count them by sevens 
none remain over. How manjr clocks had he ? 

7. Show that 

8. Determine f so that the equation in x 

j:-4 x-i x-l 
has zero for a root. With this value of c solve the equation completely. 

9. Solve the ^mnttaneous equations 

^(J>--c-\-\-by-i = r>, y(c-a^-ax-\-c^Q. 
Show that the values which satis^ the above equations will also satisfy 
the equation ax~bf-^a~b = ii. 

10. Prove the Index Law, namely that a" x a" = o~^ ", when m and n 
ate powlive int^:ets. 

If the Index Law be assumed to hold good for all values of the indices, 
find what meanii^ must be assigned to a°, a'™, and a". 

Multiply a° - a'4' - 2*° by 3n' - a'i* - i*, and divide the product by 
2a'-3a*A*-2*f 

11. Find the arithmetic mean of *and>. 

If a, i, c, are in arithmetical progression, show thai aa-ji, ai-3f, and 
3* -41- will also be in arithmetical progression. 

Show that 3(1 + 3 + 5 + ... + 99t= 101 + w3 + '05+- + •99- 

12. Write down expansions of j— . , one of them valid when 
a; < I, the other when jr>i. 

Use one of the expansions to find its value to the nearest millionth when 
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U. PART I. Second Papbr. 



N.B. — 7» gutstians on Gcomttry ordinary aibreviatioitt may be emptoytd, 
but the tmtkod of proof must be geometrica!. Proofs other than 
Eucliits must not violatt Euclid'! sequence of propasitions. In the 
absence of special dimtians to Candidates, any of the propositions 
teilhin the limits prescribed for Examination may be used in the 
solution of deductions. 
1. (i.) 'Dehne a. paralleiegram. 

(ii.) If, of the sides of a qutLdrilateral, one pau is parallel and the other . 
pair equali prove that any angle is either equal or supplementary to the 
opposite angle. 

a. (i. } Prove that the enterior angle of a triangle equals the sum of the 
two interior and oppo^te angles. 

(iL) In a certain quadrilateral the sum of two internal adjacent angles is 
200°. Find, in degrees, the size of the obtuse angle contained by the 
bisectors of the two remaining internal aisles of the quadrilateral. 

3. (i.) Show, with accompanying proof, how to construct a square 
equal to a given rectilinear figure. 

(ii. ) By means of a figure carefully drawn to scale, apply the consttucliott 
in (i.) to find, as accurately as you can, the lengths of the sides of a rect- 
angle whose area is 9 sq. in. and whose perimeter (the sum of the sides) is 
14 inches. A proof is not required. 

4. Prove that the sum of two opposite angles of a quadrilateral in- 
scribed in a circle equals two right angles. 

5. (i.) Give, without the proof, the construction for drawing a tangent 
to a circle from an external point. 

(ii.) P, C and I. denote respectively a given point, circle and unlimited 
straight line, P and C lying on the same side of Z. Find, with proof, a 
point Qin /. such that PQ and a tangent from Q to C (not in the same line 
with PQ) make equal angles with L. Only one solntion is required. 

6. Show how to circumscribe a circle about a given triangle ABC, 

If O is the centre of this circle, and the lines AO, BO, CO produced 
meet the circumference in A', B, C, show that the triai^le A'ffC is in 
every respect equal to ABC. 
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1- Show bow to find a mean pioportionat between two given right 

C is a point outside a given circle ; through is dtawn any right line 
meeting the circle in A and B ; state (without proof) why the mean pro- 
portional between OA and OB is the same for all tines diawn through 0, 
and exhibit this mean proportional. 

8. Prove that the area of a trapezium is equal to half the sum of the 
parallel ades multiplied by the perpendicular distance between them. 

The parallel sides of a trapezium are 9 and 30 feet long, and the other 
sides are 17 and 10 feet long ; find its area. 

9. On the base of a hemisphere of radius r is constructed a right cone 
whose volume is equal to that of the hemisphere ; what is the height of the 

10. A spherical shell l foot in external diameter and 2 inches thick is 
made of metal having a tnass of 504 pounds per cubic foot ; find (to the 
nearest pound) die mass of metal in the shell. (The circumference of a - 
circle is 3*14159 times the diameter. ) 
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HI. PART I. Third Paper. 



1. State the most approximate value you know for the numerical 
quantity ir, and compare it with the value of Che fiaclioo \\\ expressed as 
a decimal. 

What is meant by an angle x, and why ? 

Calculate the value of a radian expressed in seconds. 

2. Express all the other trigonometric Ainctioos of A in tenns of sin A. 
Why must the douhle sign ± be prefixed to all the square roots occurring 
in your expressions? 

Write down a general formula for all angles whose sine is equal to \ 
expressed tilktr in degrees or in radians. 

3. Simplify 

(seca-cose)(cosece-sine)(lan# + cotfl) 
and find a positive angle 6 less than 180° satisfying the eqaation 
i-eosfl = V3»i"9.' 

4. Write down and prove the formula giving tan (.^ + ^) in terms of 
tan A and tan B. 

The perpendicular from the vertex of a triangle on the base is 6 inches 
long, and it divides the base into segments which are 2 and 3 inches long 
respectively. Find the tangent of the vertical angle of the triangle. 

5. An observer wishing to determine the length of an object in the 
horiiontal plane through his eye, finds that the object subtends the angle a 
at his eye when he is in a certain position A. He then finds two other 
positions B a.ni C where the object subtends the same angle a. Express 
the length of the object in terms of the sides of the triangle ABC and of the 
angle a. 

6. What is meant by the supplement of an angle? What is the 
supplement of an angle of 330*? Draw a figure showing the angle and its 
supplemeni, and prove that Che sines of these two angles are algebraically 

Find cosec 630°. 
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7- Prove the formula 

^ = (ft + c-2cos-\/i^)(ft + c + acos-N/M. 

Apply it to find the side a of a triangle when *=i3a'Sfeet, c^^Tyi feet, 
= 37° 46', as accurately as the tables permiL 

8. Find an expression for the difTerence in area of the two triangles 
n sides a, c and a given ai^Ie A oppo- 

9. Explain the meaning of tt^nfi. 
Prove that logo'" >: It^n'i = l> 

Without UMng the tables find the chamcleristics of (1) log7i59i4, 
(z) log^xmiS?. 

10. Throw the expression 

5sing + 3-584Cosfl 

5sinfl-3'584cosfl 
into a form suitable to logarithmic calculation when different values of S are 
introduced, and use your form to evaluate (he expression when 9 - 71° 59' 
correct to three places of decimals. 
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IV. PART II. First Pafbr. 

[Full marks will be givtn/ifr about \\iTte-<{aa.neis of this fiafer.'] 



(i.) Simplify 



xy(x-y)+}K[]/-t)- 
(ii.) If the sum of II, *, and i" be /, show liiat the sum of ai,b + i), . 
*(c + a), and ((a + *) c»nnot be greater than/^. 

2. Trace the graph of the function j:'-4j: + i. (The^i^ is the locus 
of a. point whose distance from one stjrdght line is x, and whuse distance from 
a perpendicular straight line is the corresponding value of jri- 4^:+ i.) 

From your diagram show that the giren fanction vanishes for three 
values of x, and lind between what pair of integers each of these values lies. 

3. ASC is a triangle; BA, CA are produced through A to points 
D, E, so that ED and SC are paralteL Prove Ihat the dicles ASC, 
ADE touch one another. 

4. Prove ihat the volume of a tetiahedron is one-third that of the prism 
on the same base and of the same altitude. 

In a regular tetrahedron prove that the perpendicular from a summit on 
the opposite lace is three times the perpendicular from the centre of gravity 
of a face upon any other bee. 

5. Express the tangent of an angle in terms of the cosine, explaining 
the ambiguity ol sign. 

Having given tan9->/l5-)-2^3, cos a -J, and that a is an acute angle, 
show that tan (ir - - ej = ^15 - 2^/3, 

6. Investigate sritae expression for the radius of the circle circum- 
scribing a triangle, and write down any other expressions you know. 

A man is on the perimeter of a circular lield, and wishing to know its 
diameter, he selects two points in the lioundary a furlong apart, which at a 
third point, also in the boundary, subtend an angle of 164° 43'. Find the 
diameter to the nearest fool. 
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WOOLIVICH ENTRANCE EXAMINATION. 

7- Two inteisecdng straight lines are respectively paiHllel to two othei 
intersecting strtight lines. Show that the plane containing the first pair is 
parallel to that determined by the second pair, or else coincides with it. 

8. Define a trihedral angle, and show that the sum of any two of the 
plane angles at the summit is greater than the third. 

lilnd the locus of a point which is equidistant from three lines which 
meet at a point. 

9. 7"is a prant eiierior lo a conic section, and L, Nate its orthogonal 
projections upon a fixed focal chord and the directrix respectively; if the 
ratio SL : TN be equal to the eccentricity, show that T lies on one or other 
of the tangents at the extremities of the focal chord. 

Deduce from this theorem a construction for drawing tangents to a 
conic &om a given point T. 

10. Take two points A and B an inch apart. Three conies have A 
for vertex, S for focus, and eccentricities 0'3, 1, 5 respectively. Deter- 
mine a few points on each curve and draw the curves freehand. 

11. Show that the locus of the middle points of any system of parallel 
chords of a conic is a straight line which meets the directrix on the straight 
line through the focus at right angles to the chords. 

If a tangent be drawn parallel to any chord of a conic, prove that the 
ponion of it termioaied by the tangents ai the ends of the chord is Insected 
at its pcnnt of contact. 

12. Prove that one quarter of the rectangle between any focal chord 
and the latus rectum is equal to the lectangle between the st^^ents of the 
chord determined by the focus. 

Enunciate some other proposition concerning the length of the latus 
rectum which b true for the general conic. 
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PART II. Second 1'a 



\Ftill mta-h will it given fin- about three-quarters of this pafier. The 
diagrams suppiitd are to be themselves used, and net frieked off into 
your book. 

A bodjl in a vacuum falls to the earth with an aeeeleralitm of 32 foot-second 

1. Show how to resolve a force, represented by a given segment of a 
given slr^ht line, into components, whose lines of action aie parallel to 
two given straight lines. 

If the direction of one of the components of the given force is given, but 
not its magnitude, and the magnitude of the other component is given, b«t 
not its direction, construct the magnitude of the former component and the 
tine of action of the latter. 

2. State (without proof) the conditions of equilibrium of a system of 
forces acting in one plane at a point. 

Two small smooth rings of equal weight are free to slide on a thin 
circular wire, which is fixed in a veilical plane, and are connected by an 
inextensible thread, the length of the thread being less than (he diameter of 
the circle. Prove that, if the system rests with the thread In a state of 
tension, the line of the thread must be horizontal. 

3. AB represents a uniform bar of weight II lbs. and length 3*1 inches 
which rests at an angle of 50° on a rough horizontal plane at A and against 
a smooth peg at C, distant 2} inches from A. find the magnitude of the 
reaction of the plane on the bar. 

4. Prove that the sum of the moments of two like parallel forces about 
any point in the plane through theit lines of action is equal to the moment 
of their resultant about the same point. 

A uniform bar, of weight 5 lbs. and length zi inches, is supported by 
two vertical cords attached to its ends, and two weights of 5} lbs. each are 
attached to it at points distant S inches and 18 inches from the same end- 
Find the tensions of the two cords. 
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WOOLWICH ENTRANCE EXAMINATION. 

5- A circulu disc, lying on a smooth lable, has strings attached at A 
and B, which are pulled with forces represented by the lines ^Cand BD 
(an inch representing one poundweight). A third slrii^ is to be altached 
and pulled so as to keep the slab a.t rest. Determine a. point E at which it 
may be attached, and represent by a line EF the magnitude and direction 
of the pull. 

Also write down the magnitude of the pull. 

.^C = Z'44 inches, iSZ? = 3i8 inches, and the angle between .^C and BC 
= 65'. 

6. Draw a %ure of that system of pulleys in which the same cord 
passes round all (he pulleys, and find the mechanical advant^e of the 
system. 

If a force of 50 poundsweight supports an attached mass of 220 lbs. , 
and a force of 25 poundsweight supports an altached mass of 95 lbs., what 
force will be required to support an altached mass of 315 lbs., and what is 
the weight of the lower block ? 

7- A body moves from rest with uniform acceleration. From O is 
measured along OA a length OP representing any lime elapsed. OB is 
drawn at an angle of 221° *''•> ^'^ so that tan BOA represents the 
acceleration, and PQ is drawn perpendicular to OA to cut OB in Q. 
Show that PQ represents the speed at the time OP, and the area OPQ the 
space described in that time. 

If the scales are chosen so that half an inch along OA represents a 
second, and an inch perpendicular to OA represents a speed of one foot 
per second, find (he speed acquired in ten seconds. 

8. Prove that, when a point mc 
average velocity over any interval of tin 
the beginnii^ and end of (he interval. 

A train runs from rest at one sution and slops at the next During the 
first quarter of the journey the motion is uniformly accelerated, and during 
the last quarter it is uniformly retarded, the middle portion being per- 
formed at a uniform full speed. Prove that the average speed of the train 
is j of the tiill speed. 

9. Two bodies of equal mass, each m lbs., are attached to an inex- 
tensible thread ; one of them is placed on a smooth table, and the other 
hangs over the edge ; find the acceleration. 

When the system has been moving for one second, (he body on the 
table not having reached the edge, another body of equal mass, which was 
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at rest on the table, becomes attached to it in such a way that the com- 
pound body moves in the line of the thtead. Find the impulse of the 
tension in the thread. 

10. A body which weighs lo lbs. is observed to move horiiontally 
with an acceleration of 4 fbot'Second units ; find Che magnitude and 
direction of the force applied to it. 

If the body hangs from the roof of a railway carriage by equal strings 
attached to two points one directly in front of the other so that the strings 
are at right angles, and if the acceleration of the train is 4 foot-second units 
in the direction of motion, lind the latio of the tensions of the strings. 

11. A particle is projected (rom a given point with velocity F", in a 
direction making an angle a with the horizontal ; lind Che range on a hori- 
zontal plane through the point of projection, 

A fielder 300 feet from the wicket throws in the ball with a speed oi 
100 feet per second and at an elevation of 30*. Will the ball return to the 
level of his hand before or after passing the wicket ? The air-friction may 
be neglected. 

12. A weight is attached to a cord of given length, of which the upper 
end is fixed, and the cord is held so as to make with the vertical an at^le «. 
Find the velocity with which the weight must be projected horizontally in 
order that it may describe a horizontal circle uniformly. 
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VOLUNTARY MATHEMATICS. 
VI. PART III. First Papb(. 

{FuU marts will be given for a6oul two-thirds ef this fiafier.} 

I. Cii the centre of ao ellipse, and A, B exUemities of the major and 
miDor aies. If PN be the ordinate of P, and PG the normal, prove that 
NG:CN::CB^.CA'. 

3. Define an hyperbola in letereoce lo a. focus and a directrix, and 
theitce establish the property enjoyed by the focal vectors of any point on 



3. Investigate the equation to a straight line in the form 

Show that the three straight lines 

jrcosn+_>'Bin«=/ 
^tcos^+^sin^^y 
3'cosy+j'Bin7 = r 
will pass through the same point if 

/sin(p-7)+?siD(7-a) + rsin(a-ffl = o. 
This condition being satisfied, hnd the cti-ordinates of the point. 

4, Prove that the equation 
denotes a circle. 
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Find its ladius, uid show that its centre divides the line joining the 
centres of the circles 

in the ratio / : q. 

5. Under what circumstances does an equation of the second degree 
denote a parabola? 

Find the direction of Che axis of the parabola 

CDs'!! j:* + sin 30 j:ji + sin^^ isgx-icify + f = o 
and the co-ordinates of its vertex. 

6. Two concentric circles are described about a fixed point C as centre, 
and any radius vector CPQ cuts them in P and Q. If a rectangle PAQB 
be described about PQ as diagonal, so that PA, PB are in fined directions, 
show that as the direction of CPQ varies A and B move upon ellipses. 

Show the ellipses in a figure. 

7. Tangents are drawn from the point (/, q") to the conic iafi'\-b^= 1. 
(i.) Find the equation of the tangents. 

(ii.) Determine the conditions that must be satisfied by the numbers 
p, g, if the tangents are to include an angle a, and give a geometrical 
interpretation. 

S. Give the complete spedfication of a couple, and show how couples 
may be compounded. 

A circular disc of weight W and radius a is suspended horizontally by 
3 equal vertical strings of length * attached symmetrically to the perimeter. 
Find the magnitude of the couple required to keep it twisted through a 
given angle 6. 

g, A weight can be sustained upon a rough inclined plane by a force P 
acting along the plane or by a force Q acting horizontally ; show that the 

weight is i^Tg-e-aT can where ^ is the angle of friction. 

10. Define relative velocity and relative acceleration. A stone is pro- 
jected from the top of a tower with velocity v and at an angle of elevation a, 
and, at the same instant, another stone is dropped from the same place. 
Find the relative velocity and acceleration of the first stone with respect to 
the second. 
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II. Define the poundal, the dyne, and the horse-powet. Find the 
speed of ft train, in mites per houi, given that the locomotive of 50 horse- 
power works against a resistance of 10,000 poundals. 

13. Calculate the length of a seconds pendulum at a place where a 
body falls to the earth with an acceleraiion of 3i'I9 foot-second units. 

Given that the force of gravity varies inversely as the square of the . 
distance from the earth's centre, find an approximate formula for the 
number of seconds a day lost by a seconds pendulum when taken to a 
height h, which b small compared with the eaith's radius. 

If A be S miles, and the earth's radius 3956 miles, show that the loss is 
about 109 seconds a day. 
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VII. PART III. Sbcohd Papbr. 

[Full marks will ie given for abiml two-yhijAs of this Jtafer. The accelera- 
Hen du£ Ie gravity may hi taken to be ^■ifcet-stcsndunit!.'] 

1. From a point T two tangents TP and TQ are drawn to touch a. 
parabola, whose focus \% S,aX P and Q, and T is any point on TS pro. 
duced beyond S. Prove that the angles PTQ, PST, QST are all equal. 

2. From the foci S and 5* of an ellipse perpendiculars .Sfand Sy 
are drawn Co the tangent at any point P. Prove that Y and V lie on the 
auxiliary circle. 

If the perpendicular from the centre on the tangent at P and a focal 
radius SP (produced if necessary) meet in R, then SR is equal to half the 

3. Find an expression for the length of the perpendicular from the 
point (4, t) [o the straight line iw + *»■ + f = o. 

Find the locus of a point which moves so that the perpendiculars drawn 
from it to the two straight lines 
areequal. 3^ + ^ = 5, 1"-SJ'=I3 

4. Explain how a single equation can represent two straight lines. 
Form a single equation to represent the two straight lines 

Also find Che equation of the two sttaighi lines joinii^ the origin to the 
points where these lines are met by the line y- — 

5. Two circles are drawn to touch both the lines y = o,y = xXaxiaa, 
and Co pass through Che point {h, i) ; prove that the distances of the points 
of contact from the origin are the roots of the equation 

f-2(-( + *lana)f + :4' + i' = o. 
Find the equation of the common chord of Che two circles. 

6. Find the equation of the tangent to the parabola ji* = ^ax at the 
point {xT, yf). 

From a fixed point {h, i) a line is drawn at right angles to the tangent 
to the parabola ai P, and meetii^ the diameter through P in Q. Prove 
that the locus of Q for different positions of P is the rectangular hyperbola 
y{x + 2a-h) = 2ai:. 
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7- Fonii the equation of the chord of an ellipse ^+"5= i joining the 
points of which the eccentric angles are 6 and 0. 

Prove that, if P b the point fot which the eccentric angle is -{0 + ^), 
and the line jcuning P to either focus meets the chord in Q, then 

S. Prove that, if three forces in one plane acting on a rigid body are in 
equilibrium, their lines of action meet in a point or are parallel. 

A uniform square kmica is supported, so that its plane is vertical and 
one of its comers is in contact with a. fixed smooth plane of inclination a, 
by a force applied at the opposite comer in a direction parallel to the line 
of slope of the inclined plane. Prove that the diagonal which passes 
through the point of contact mattes with the vertical an angle za. 

9. Two particles of masses, m, m', are connected by an inextensibte 
thread ; m is placed on a rough inclined plane, and a thread tied to it lies 
along a line of slope, passes over a pulley at the top of the plane, and 
supports m' which hangs tree. Find the condition that m should move 
(l) upwards, (2) downwards, and the acceleration in each case. [Take n 
for the coefficient of friction. ] 

10. A body which weighs one ton is supported by a wire rope whitJi 
weighs two pounds per foot. Find the tension at the upper end of the 
rope when the body is just above the bottom of a mine aoo feet deep. 

Find also the work done in lifting it gradually to the surface. 

11. A smooth sphere lying at rest on a horizontal table is struck by an 
equal sphere moving on the table so that just before the impact the 
direction of its motion makes an angle a with the line of centres. Taking 
e for the coefficient of restitution, find the directions of motion of both 
spheres after impact. 

13. Prove that the velocity of a projectile at any point is that due to 
falling from the directrix of its path. 

Prove also that, if F is the velocity of projection and a the initial angle 
of elevation, the equation of the path referred to horizontal and vertical 
axes through the point of projection is 

f j^ = 2 f^ cos' a (x tan a -^). 
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ANSWERS. 



JUNE, 1891. 
II. Algebra. 



*. 2.^ + 31 + 4. B. (i.) f. (ii.) li, i. 

8. 654321,1562202- T. [I) ^ -I. (it) * = #, -4; j' = -i, 

8. eiandssq. ft. 10. l+i + J + ...; 10, 12, .,.60, infinity. 

11. m, 5'^and6"'terms = JiH!*. 13. 4-60898, ;Cioo,ooo, 

III. Trigonometry. 

'■ ?.• ±^' IS- '■ "-i—M- 

8. 56° 30' 56" and 123° 29' 4*. 9. Vifj+T). 

10. ^19962.131.60'. 11. 1221*88 cubic inches. 



IV. 


Statics and Dynamics. 


3, i(f, i/3;r. 


S. 7 oz.,9t inches from ,i. 


4. 39±iV6,..65^: 


B. Round C in direction ^0.4 


T. 34*. 


8. J f.s.s. 


10. isec 


"- 9-M.s. 18. 3 



V. Pure Mathematics (i). 
SP = abscissa, or latus rectum. 
j:{nsina + *sin^)-^(ocosa-f*cosj9) = o, 



p:h»Google 



WOOLWICH EfTTRANCE EXAMINATION. 

VI. Pure Mathematics (2). 
a. *W. 8. A- 

^2fl+I+ M+ 23+1 + 

6. (i.)j: = «, |{VW^+,/3-i[, -^!*/W3-n/3+"}. ^{■.'=^:;/3-s/3-'J. 
-|{^'^^W3 + V3 + i};J' = -''. i{•/W3-^'3 + l}. -^iN/W3 + '^3-iI. 

11. (i.) I-I<«.2i (ii.) I-Ti (iii.) I-J(,V-1+,~V-1). 

VII. Mechanics. 
I. 37-81 lbs. % -4583, 9866 lbs. 

3. smfl<i. 6. It slips. 7. 30°. 

10. At a pointy from the end, the tension:: ^(i -'iff. 

11. 667 yards. 

13. ,frg . sin 2fl, where S = i its distance from makes wilh vertical. 
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NOVEMBER, 1891. 



II. ALGEBRA. 



8. x-l, x>' + Zx'* + yiP + ij:'-'+.... 4. x' + tx+l. 

B. -3- e. (i.) S; (ii.) * = St%. J' = 2Wif 

8. (i.)3(3±Vi7); ("■)±6yj^f^^:^. ». "54- 

10. «(»-i){»-a)(»--3). W. S1978. 

III. Trigonohetrt. 

3. f4. 6. Two. 

9. isi'viy-e. 10. 5*3405 ft. 

11. 96 cub. in., 138-518 sq. in. 13. 3j}| Ions. 

IV. Statics and Dynamics. 

1. o. 3. S:l. 8. ./3-1. 

B. 45°. 6. t lb. T. S and ij sees. 

S. ig miles. B. (i.).^3: li (ii.jequBL 10. 32.^3. 

11. 21^, 360 feel. la. rn = Af. 



V. Pure Mathematics (t). 

SiUes 7'+y= "i y-y+t =0. ir + 3J'+7=o; 

bisectors 99J + 77>'+7i = o, ?■« - fy = 37- 8. A slra^ht line. 
(i.) A circle ; (ii.) an ellipse, parabola, or hyperbola according as the 

constant is >, = , or < the distance between the centres. 
Two. 8. When the distance of the point from the origin > ~i^ 
S, 2^3. 9. A parabola. 
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VI. PURB Mathematics (a). 


■• 


(i-) 6,-7! 


"'-■*^-=*''*^ 


3. 


*»(«+!)(» + 


I). 8. 89. 


6. 


sin (^ + 2^) is 


positive, cosf-^ + SiS) is negative. 


8. 


sin(a + p) 


8. 9-65146, 20-5309. 
VII. Mechanics. 


1, 


5-632, 4792 


a. The e.g. is 3'-i9 from /I J 12 oz., 17 01. 


3 


Tension, ^W 


Pressures on the pegs, ■^W, ^^W, ^W. 


T. 


In \\ sees., 37 ft. from lower point. 


8. 


fel— 


• -p^"^"- "■ ''■> '^' *"■' ^lS=-3%. 
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ANSWERS. 



JUNE, 1893. 

II. Albbbka. 
1. a*-o»*+9oi'. a. j(*+/"j;*+/?^+j«. 

4. (i.) 3v(«-S* + 6^-4^ + ^)j (".)« + *; (iil.) ]■ 

8. 4la + i). «. (i.) lOi, -3i (ii.) }, a. 
1. f*^-4&*^+4ff'=a 8. 40. 

>• 9}> i<4> Eiin 460 ; I and g. 10. 35, 56. 
11. is'item, -4368a-*; middleterm, 1*870. la, 18. 

III. Trigomombtry. 
1. At 10 min. 40 sec. after i o'clock. 4. 75°. 15°- 

9. 8i3a9"3'q- ft'i 100-647 ft. "■ 1886-31 sq. ft. 
la. 13Hsq.f1. 

IV. Statics and Dynamics. 

1. 173-1, aoo, 173-a. Resullan( = 2,4A', where Jfismid-pointofCZ'. 

3. iz lbs. 4. } inch. 

6. a must be less than 120 . 8. -r=- 

v'lo 

8. 73 : 245. 10, 430. 

11. Greatest height, 25 ft.; range, iO(V3 ft-! velocity, 16V21 £s.; 

distance, 33VI9 ft. 
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WOOLWICH ENTRANCE EXAMINATION. 
V, Pout Mathematics. 

a. I-J«+3a:*-Ji:* + 3i»-Jl' + ii:»-.... 8. 8 and 4. 10. A 

11. (U) i+iyso, ix~y=a% (ii.) 4J+3>'=o, 3;C-4J'=0! a tight angle. 
14, 7^ + 34:0'- 34*Jf- 6a>+ ISfl' = 0, Centre, f --, a ] ; directrix, 
ISjf-Sj'-l- 390 = 0. 

VI. Mechanics. 

1. OS: OA. 1. Length, i'364inche$; tension, 63*11 ox. 

3. At B, 870-4 lbs. ; at E, 375 lbs. 

4. It tilts first. e. A parabola. 

9. Velocities, 0, u; distance apart, a-ut. Taking point of projection 
as origin, and the axes horizontal and vertical, equation to C.G, 
Sa{ax-a)* = ^y. IL 94S87A ft-'lbs. 
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NOVEMBER, 1893. 
II. Algbbra. 

The ascending order is i^'J?, - 



. .n.^..„s™... ^ , j;,^, „ , 


(»-i)* 


. (i., .-; ,.,., ^S^; Oil., ..-^-R 




. I, I+Va. 




. (i.) -s; ("■) ' = ". -^J j'=f. -x= '" 


) 14- 


. jc>+ar-24 = o, -14. 




. ia-a, Sa-*, aa-i*. Ja, fn-Jii loterms. 




. 3360, 126. 10. i-zx-sif-^-tax*. 


11. 4 



III. Trigonometry. 
1. Cosbe i^, tangent H, cotangent H, secant H, cosecant ^. 
4. 2s\T,d = ^t-aiaA-s/i+%mA. fl. -951. 

9. 297443. 10. 322-847 ft. 

11. 190-76554. ft. la. 7-433 ft. 

IV. Statics and Dvnahics. 

3. i|Hb&. 4. 5 lbs. 

e. Ferpendicalai to BC; 9 in. from B. 9. Nearly 6H ft. 

s. 7H. 9. 62 ft. 
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v. Purr Mathematics. 



8. J. f *■ 3:4:5. 

10. An ellipse, centre (a, f>), semiaxes ii, la. 

11. y^a, \x--iy\-yt = o. U 441+^ = 0. 

VI. Mechanics. 

1. S'M3 lbs. a. I cwt. 

i. '6248 cwt. S. 30° to horizontsU. 

7. ;{p*-»/Bina./ + JfVJl. 8. j'sioacoso, fsin'a. 
11 3388^1^ 3388 ytfo* 
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JUNE, 1893- 
II. Algebra. 

1. iix-iy){ix-iy), (^- jrf+r'Jt-^ + Py+J^. 

a. $^('+y). 8. ^-Bjr + S- 

4. (i.)o; {ii.)4; (iii.) iH- "■ [i.)3'^-7-«-2! lii-jN/¥-Vi- 

7. (E.)7! (ii-)7; P-)-t = +3. +*J ^- = 1*. ±3- 

8. {a-i-t-c):^~2ia-c)x + a + 6 + c = o. ». ~2, o, 2, 4, 6. 
U. gu- tern = - 554V. la. -6309. 

III. Triqonometry. 
1- 57-a727, afi-oSia 9. HI. Hi. iH- 

7. 18024 ft- *■ 37° 52' 27°. IL I ft. 

13. 27'7I28 square inches, 7*542 cubic inches. 

IV. Statics and Dynamics. 

1. Resultant is V57/*=7-SS^> making an i tan -'-i- =661* wiih OB. 
a. fW, Srr. 8. AtW96flbs., atJssJlbs. 

4. At mid-point o(£C; Sflbs., 6} lbs. 6. 16 lbs., 40 lbs. 

T. x = 2016, J- = 224. 8. 4-^- f.s.s. 

9. .4 is i ft away when S gets to C. 
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WOOLWICH ENTRANCE EXAMINATION. 
V. Pure Mathematics. 



10. is the focus. If OT be the perpendicular from on the tai^nt 
and 07" be produced to T' so that OT' = ^0T, a line through 7" 
making angle a with the tangent is the directrix. 

y = o. If these lines coincide S' = AC, and the 
o coinddenl parallel lines. 



VI. Mechanics. 
1. -j'Slbs., I^CfromJ. 2. 577lbs. 

3. :l^(cot*taa«-i). 4. 21. 

6. S. W. wind, whose speed equals that of vesseL 
10. 371 miles an boat ; 6^ min., ifis miles. 
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NOVEMBER, 1893. 
U. Algebra. 

■ 1. *»+av*. 

a. i<*-4)(4'-7), 0'+3)C>'-3)(y + M), 

4. (i.)os (ii)|-i-^i (ui.)|. B. (i.)2J^ + 3J;-S! {ii■)6-^/5■ 

e. (i.):!!±^±^, -^; {ii.)0,7. -2A; (iii-)S.i- 
11. The 6* and 7» tetms each = 4^^. 

III. Tkigonombtry. 
I. i-309fi. 2. -7, -il. 8. (L)2cos>^i (ii.) Vatanft 

B. 2-529S2. 9. ij^na^. 

11. 1511^ cabic feet. IS. 382674? square miles. 

IV. Statics and Dynamics. 
3. 4S''49'3i° *■ -f, ^, J. 8. igg. 

T. After i sees, and 2} sees. At height of 29H ft- 
.. A.™„.,^M. .. ^ -^. 

V. FuBB Mathematics. 
>. d+ir-l-ld+i-Ji-il-', i(i+rt--»(-'. 
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IVOOLIVICH ENTRANCE EXAMINATION. 

«. 90%30°- T. iJ|^'(&ii.-&,-^i')|, 6. 

8. 3ift. ». 21-^+1 =a 

11. *=-}-J^-Jt + a = 0, 2r' + a>'-SJ:-\'i)'+3 = Oi 

-J? ^ 

VI. Mechanics. 
2. 451 lbs. S. s^ tons. 6. tan-'a/t. 

T. The focus is a point 30^ ft. below the point from which the bill was 
dropped ; the dicecttix is 3 line parallel 10 the direction of the 
train 30J ft. above the roof. 
8. (L) laoolbs. i (ii.) 34Boolbs. 9. (i.) 1 : 3; (ii.) i :2/ + i. 
10. s-f, inches. 
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ANSWERS. 




JUNE, 1894. 




II. ARITHMETIC. 


1. 22|. 


a. twie. 3. jf74. iw. loi^. 


4. £i, ,3,. loW- 


8. A- «■ )f3o.iw.3^. 


7. 66a 


8. 2i inches. 9. iz. 


U. /I bad originally ;£i38o, B £,yiia. 13. 6 days. 


13. IS- 


«■ ;^S- 



III. Algebra. 
1. :^~y^^\\x-%, 

3. (.ir-2y)(jc» + 2^ + 4r'), {Jr-8j')(.t-i6^). {^+ jy +>•««« -^y+y). 
8. J:*-7^ + 2. 4. S(i*+**+**~*«-*r-a*). 

6. {i.)»»+3« + i; (ii.) Vi3+n'ii- fl- (iO — '; (ii.) 4, -7. 

7. ^"+3/1+2/3+^ = 0. B. 16 and 40 yeais. 

». 12, A. 13. 2-5854607, -1602526, S-82. 

IV. Trigonombtrv. 

1. 343° 38' loH"- 2. --4-. 

3V7 

8. 49-177 ft. 4. -4-> -—.-'. —■ 

Ja a V3 

8. 21° 47' iii", 38° 13' 47i", iao°. 



9 f ^■"'° 3.ry sinacosj35in7 ^Jn^y ^li 

10. 60°, 44°4g'2ti'. 11. 11458254. fc. 

13. 4*0825 inclies. 
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WOOLWICH ENTRANCE EXAMINATION. 



V. Statics and Dynamics. 

1. (i.) Equilibrium impossible ; (ii.) Parallel to sides of a right-angled 

3. ^/!I440 + 3oWa+I8o^'3-I44^/6J, tan"'— ^i±^--- with 0.4. 

3. (i.) 2i6ilbs. (ii.) 200 lbs. 

B. 5 lbs.-weighl at distance 16* from grealei force. 

S. J{ inch from centre. 8. Ratio is 11 : 10. 

9. At height 3530 ft.', 11 sees, afier the first was fiied. 

10. 3 fbs, -Weight, or 96 poundals. 

11. Range 7500, velocity aov'aji in direction tan"'A t*horizontaL . 



VI. Pure Mathematics. 

a. -000762588, -000000566236. 8. H sees., ift sees. 

9. U>=^. 
P i 

10.. If the equation to the circle be x' +y^ + Ax ■{■ Sy + C = O, 
{A + Bf > 8C. 

U..^+^-S... = Oi (.,4 (f,-f),and{.,-2.). (^.f). 
13. x>+}^ + Vcy^^ = a^-^. 

VII. Mechanics. 
a. nr. S. ^*. B. J/, from end of the bar. 
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NOVEMBER, 1894. 

II. Arithmetic. 

1. i. 3. 440-82. 3. 4i per cenl. 

4. 4 cwt. I qr. 14 lbs. 6. ^. B. jfaoo. lOs. i^. 

7. 47. ». .i^ 10. 3 p.m. 

13. Latter. 13. £194. 51., ^224. 141. 

14. 37i' miles. 

III. Algebra. 

1. x*+ax'-,^x-a*. a. _(£+ilziP. 

ays 
*. -(a + *+f). 6. .«: = -3. .»'=li. i = 4- 

«. -i, ±3- T. -I, -i. 

8. Seriesis3 + ai + 2 + i4+ .... 

10. 45 and 36 miles an hour. 11. 3-2101493, 2-30358. 

IV. Trigonouetrv. 

1. S7A°. »■ i5°- B. »°- 

B. J = 54° 56' 48", C = 83° 3' 12", <- = 309-174 J or * = 135' 3' 12", 

C= 12° 56' 48", C = 472108. 

9. 109° 6'. 10. 3)5q. feet. 11. tZ'I43 5q. inches. 

V. Statics and Dynamics. 
1. 2AC. 8. 100 lbs., 40 lbs.; IIJ lbs., z8 lbs. 

' '' Vi 

T. loMfi-i ifiseconds; 4 and 12 seconds. 

9. 45°, 160 Ls. 10. 2 Ibs.-weight, or 64 poundals. 
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WOOLWICH EfiTRANCE EXAMINATION. 

VI. Pure Mathematics. 
4. 103933, percentage 7725- ". 4. 

8. 82° 25' za" and 57° 34' 38°. 
7. 4 sin*!:*' sin*-!* sin *!::*, •000127633- 10- >■ - * = ^/3(« - *)- 



Wa-D^r^-fVa + O^"^ 



VII. Mechanics. 

1. 7*89. S. — ^ making angle 60° with horizon. 

3. Vi3:3. e. 14 lbs. 8. 100 ft. 

9. 3i seconds. 10. 50^/2 f.s., tan-'J. 
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JUNE, 1895. 

II. Akithmktic. 

1. 30H. S. -22. 3. 7i years. 

4. 7875. 0. £74. U. Sid. 6. ^£555. 101. W. 

T. 3*5. 8. 6J tons. 9. 30. 

11. A, £sAO; B, £67%; C, £itoo. 13, Sperceni. 

18. 55, 25. 14 j^23. iv. 

Ill, Algebka. 
1. o. 3. (i.) U-i)V+lH-f-m->^-a)(-^+*)'; ("■}->*{-r*-y). 

H. /i, 67; 5,28. 9, i'lr', 177145. 

IV. Trigonometry. 



1. o. 4 1 weight of level. 6. 10,000 1l». 

6. T4jf-s-,Mf-S. 7. (L)jf.s.s.;(ii.)2f,s.; 

8. (L) 2 f.s.s. i (u.) 16J3 f-s- ; (iii-) 8V3 sec, 9. ,Si,. 



"^6^/3- 
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WOOLWICH ENTRANCE EXAMINATION. 



VI. PuRB Mathematics. 

6. i73-o89ft. 8. 9,6; -6,-4- 

9. tlx + iy^^, ix-uy = 20. 

10. Radius I, points of contact, i, i and 2, 2. 

la. The co-ordinates of the point are ■: tan (fl + ^J, -^tan(e + #). 

1*. C/C=\ Itttus tectum. 

VII. Mechanics. 

1. 7 lbs. I 33ti- 3311 'bs. 

5. Distance from centre - -^ side of square. 4. ^. 

6. 6 ft. S. 13 : 5. T. /; mile, 35'35 miles per hour. 

•■-'••■•-'■ '«• "'(»-,^).-(--|- 
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NOVEMBER, 189S 

11. Arithmetic. 

I. i- 3. 1562-5. 3. ^531. ijj. 4^ 

ft. 31 lbs. 4 oz. 16 dwts. 16 grs. 5. '9416. 8. ^£1092. I J;. Sd. 

t- 1155- 8. .£7- 155- »- £25- '3'- 4^- 

11, li inches. U. ^iii?. loi., ^^70, / 157. loi. 

IS. 6} sees., 204 yds. U. 7 per cent. 

III. Algebra. 
1. ^5-1^^+4^+7. 

a. (u)U + 7)(-t + 9); (ii.)tF-fl)U'+7a)b'-6a); 
(iii.) j^:t+i)(x-iH.t+2)(»-2)(j;+3Hx-3). 

a. J»-SJ;+!. 4. la + 6-c){a-6 + c)ia-i-c). 

6. (i.) 6, 5; ("■)», -S; (iiiO-'^ta, ±';j'=±i, +2- «■ £4000. 

T. 51 miles an hour, 93J miles. B. zHj> 45 terms. 

9- 4(>'-?)- W. 136080. 

U- I. I, i> *> V, V ! greatest term = 9289^- ". -418518. 

IV. Trigonombtrv. 
I. (i) 144°; (ii-) ^. a. |sin"2^. 3. 10°. 

4. nir+|, »T + ^. fl. 205-4. 

II. Area -0403135 sq. inches; length, 6-1416 inches. 

V. Statics and Dynamics. 
1. 135°. 3. Length, 20 inches; weight, lalbs. 

5. Foice, 2 lbs. ; hinge action, z^'5 lbs., making angle tan~' J with Aff. 
4, ^^^a from vertex of lightest triangle. 

6. Second system, 4 sheaves in upper, 3 in lower block, with the string 

listened to lower block. 35 fl. 
6. 10-6 miles an hour. g. 312 fl. ; 64 f.s., 144 f.s. 

g. 3^ seconds. 10. i range. 
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WOOLWICH ENTRAKCE EXAMINATION. 

VI, Pure Mathematics. 
1. ^5436. w. sirf. 
3. A arrives 1 min. 24 sees, before B ; \i\ miles an hour. 

o + fl 2 

»- -47829, -geoSi*. 4. -tan—-. -^ 

H. a-i-Jif + lr'-f, 

C0S.4 = {S/*-?'-r»)-^W(z/=' + V-r')(3/' + 2r'-#='), 
and similar expressiona. The eiror in the numerator 
isi&T. 

8. (3, 2}, (-3, -2), {2, 3). (-2, -3)- 

»■ jt = 4r- 10. j*+y - i8j- 8^ = 3. 

VII. MeCHANlCS. 

1. P^l acting at 45* to horizontal. 

9. 220 lbs. It will rest under the action of the friction alone. 

3. /"has any value from 6 to inlinity. 

4. tan'',^, 7} n. S. Former, 9^ n. 

e. 6i seconds. 7. (i.) 8 oi. ; (ii.) 8i oz. 

8. 5 and 15 f.s., 90a oz.-wt. B. zoz.'Wt. towards centre. 

10. 33,1 sees., 52S8{i fl. up the plane. 
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JUNE, 1896. 






II. Arithmetic. 




1- 13A- 


a. IOO-37. 


8. 7i years. 


1. 2 &r. iS poles 


4 '4 yds. 0. A. 


6. ^1657. i6j. 6K 


7. 6105. 


8. C.- 17'- 6rf. 


1. ^5- 


». 3 qrs. 23 lbs. 
. 10 cwt. zinc. 


11- £i7^, £3^, £'Hi- 
cwt. copper. 


la. 8 ft, 

1«. 15 miles an hour 



III. Algebka. 

367^-1143 + 690^, 1082, 3. i*-y. 

H.CF ^-ICW+II, l..C.».ix'-tOX + Zinx-l)lx-2)ilt-i){x~S)- 
1300. B. (i.} 1, s; (ii.) I, 1, 3, i; (iii.) 9j:>-I7j: + 2O = 0. 
3. ». 66' = 187496. 10. 4368. n. 14,6770..,. 

(i.) J; (ii.) Conservative IZ944, Liberal 1 1 120; (iii.) 31056 each. 



IV. Trigonometry. 

L 3. 3. zcos.,*, -cos^±V3si 

8. go° and 15° 15' 36°. S. 1026-337 ft. 

11. (L) 3A^cub. inches; (ii.) 15-65 acres. 
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WOOLWICH ENTRANCE EXAMINATION. 



V. 


Statics and Dynamics. 




1. II lbs. 


». \w. y[^w. 




6. Divides i[ in ttie ra 


ioZ!5. T. 96. 8. N.E. 


I N.W. 


9. 64 ft; time of as 


ent ot descenr 2 sees. J and 3 i sea 




10. 2 Ibs.-weight. 


11. if : gr. 





VI. PORB MATHBMATICS, 
i ; 2500 : S40I. S. 900a 

8. /cos(<.-p}-/±fl. 



Write -sinafl for sinaP. 11. -i^, --^■ 

A parabola with same axis and verten at the focus of the given 

parabola. 
A ciicle centre on the minor axis distant CS cot n from (he ccnlre 

and radius a cosec a, where a is the given angle. 



VII. Mbchanics. 
a. 3-38, 2-i9oz.-weight. S. Tension -A^F, Pressures J If, ^W. 

4. -634 AB. B. /I* - *i' - 3ft - I :;i' + ;i*-3/t+l. 

6. It begins lioj ft from the start. 
T. Tension 6A> Pressures a^- J, 2 A oi' -weight, 
8. 72(»-a) + 23j' = and %<^ = ^2{x■\■a\ 
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NOVEMBER, 1896. 

II. Arithmbtic. 
1. i3t. a- 28910. 3. 3570, t- 

4. icw. Id. 6. /i4. 9i. b^d. 

«. 96 yds., 29 yds. I ft. if. 7. 3i %. 

8. 33ift. 9. A£,n.los.; 5/6. ISi.; C /lO. IW 

11. 2464 cubic ft 13. 7:5. IS. ^41. 13/. 4(f. 

14. iS and 10 miles a day. 

in. Algebra. 
1. (.r'+jO(jf*-jV+j^t. v.- 
3. (l+.»:)(l+^^)(l-j;^.»:=-4:» + .j:'). 3*'-S* + 7. 

*- (i-)6i, zE; (ii-)^-±4, ±^; j.'==Fj, ±^. 
6. 105 lbs. «. 8. 









IV. 


Trigonometry. 




(i.) 60°, 

sin 105° = 
*, A. i 


240°; 


(i 
25 


) 270 
osios 


; (iii-} 
s. 


0', 180'. 

B 107° 57' 


49"> Ci5°2' 






V. 


Statics and 


Dynamics. 




AB. 








s. 


(i.) 10 lbs. 


i (ii.) ts lbs. 


W. 








6. 


Power is (i 


)-. (ii.)-^ 



' J2' 

T. 2:1. 8. (>,) W; (u.lJH'. 10. lift., 4 

11. Its distances from AB, AC ate t6, 32 ft., and it is moving ii 
direction equally inclined (o AB, AC. 
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WOOLWICH ENTRANCE EXAMINATION. 

VI. Pt7RB Mathematics. 

2. A(" + 5K"+io), -A(»+4)(''+9), Al-i+aXB+S). -(«+2K«+7). 
o according as ■ is of the form Sr, 5r+i, 5r+2, S»-+3, Sr+4. 

7. a743-86 ft, 

8. Tlking centre of pentagon as origin, and ft line joining it to one 

mgulai point as the axis of x, the equations are 
:tcos36'±j'flin36° = |eot36% jcsiniE°±^ cos 18° + ^ cot 36' = o, 

.r + |cot36° = o, 4[^+y) = o'cot'36". 



2 ' P- X/m cosec a 
A concentric ellipse sen 



VII. Mechanics. 
1. 3J1.AD. 2. 3878 and iraa lbs. 

4. yH'bs. 8. 40 miles an hour, Af-s-s 



4f.s.s., 9 inches. 



4g'"'''-'' - 



9. Afier I* (32, 64)! 2' (64. 96); 3* (0. 96) f 4° ("8, 64I ; 
5° (160. o); focus (80, 84). 
10. \AU, Hi/, AW 
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ANSWERS. 



II. Akithmbtic. 
1. /670. &.o|rf. a. -oosi. 8. 437. 4. A- 

6. i^. 6. 14-552. 7. £(M. lOr. 8./, 9. 70 days. 

10. £io. 11. 25J. la. 7:5. 13, 49A'^. 

M. j£6oo, .f 594. ;C6o9, ;f 621, ^596, JC646- 

III. Algebra. 

1. -(/i+« + .tr), (l-*)(i-3)(i-«ftHl + a + a*). 

a. 61+ 13, 9709, 23287, 73. a. I. 

6. In the larger, wine : water =/'- 32/+ 1280 : 32/ -/i", and in smaller, 

3i-/»:/»-32^ + 320. / = i6. 
S. 1296 and 2025, 2025 and 3025, 3025 and 4356, ere, i3' = 9i'-78'. 
8. U-) 2*'-3'93i; (ii.) i"'-2784I. 10. 6-943. 

IV. Trigonometrv. 
1. 3-1416. 4. Bir+(-i)-r. 6. 500, 7. 567-t38yds. 

8- 54 53S«6 sq. m. 9. o, - 1. 

10. (i.) lZ32cub. ft. ; (ii.) x/Si-Jw. 

V. Statics and Dynamics. 

1. (I lbs. 15 oz. and II lbs. at the ends ; II tbs. 5 oz. and 11 lbs. 10 oz. 

at the points of trisection. 
1. 6 01. 3. 85 lbs. B. 4 in. 7. 4S miles an hour, or 66 f.s. 
8. 3 sees., 96 (.s., 72 ft.-lbs. ». 4 sees., 64 f-s. 

10. 3 sees. 11, 16 ft., 64^/3 ft. 



W. P. 



D,g,t,7P:hy Google 



WOOLWICH ENTRANCE EXAMINATION. 



VI. Pure Mathematics. 

3. O is Ihe orthocentre of the triangle. 

3. (i.) when n is a positive ini^er ; (ii.) when .» lie* between i and - 

when * = I and «>- I, and when x= ~\ and »>o. 

4. i{i±N/32a*- i»), * must not be >i^i. . a. 

6. i(cosecj;-cosec3".:r). T. 1889-63 fl. 

5. cx + {^-c)y^be, {b-c)x-{b + c)y = Q, 6x^-{b-'ii)y = bc, 
{c-xi)x + fy-i-ll' = 0, {b + c)x + [b-c)y=bc, [ic-bU + by = ,^, 

where b = A/1, c = AC. 
9. A straight tine. 

10. ^"^ , where a, b are the lengths of the tangents. 

(«« + *")« 
11 . . ,** 

VI I. Mechanics. 
'■ "■»^,-'*'' •''■'*^- 

3. , f ," ° , . .*. 4. 13-66 lbs. «. 371 ft. per hour, 

6ib + a) 

8. tan-'i, tan-i|S. 
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NOVEMBER, 1897. 

II. Arithmetic. 
1. ^. a. ■000008. a. £17. icxr., £s. 14J. sjrf. 4. M- 
B. j£46. 17J. 6(/. 8. 3J. T. 162104 fr- '6i c. 

9- jC'9?- '7J- 4^ 10- 3 ft- 2| in. 11. 9-049 in- 

U. A,i4s.; B, 72S. ; C, 70s. 18. 15 : 14- 

14. SS yds. ; 22 miles an hour. 

III. Algebra. 
1. i = a'-z3, J" = 30'— I, product a" - isa' + iou'- i. 
a. {i.)o{j:> + ™.t-hm») + i(x+«}-H.; (ii-lJO^! 

(m.)3<.i.(i-0k-fl)(a-J). 
8. {i.) (i^+l-4l4'+0(^-i-4l4'+it, (ii-) (2Jr-^■628)(J(+3■I86^. 
1. (i.)a-t*-*! (u.)4- 
»■ ('■)3i: (i'.f ±fl(ii'+m*=' + ni:'r*, ±*(/a»-Hm*'-H«^r^ 

9. J^, ilUl 

32 lA 32 



8. 76. 



IV. Trigonometry. 
!■ 4^5. Ws, Vs- a- (i-) -. - ; ("■) ^ 

«. 3-90505 ft. T. zj-ogt ft 9. 

10. ^l + ,in|,V»--^l + ™| 



V. Statics and Dynamics- 




a. i»', iiv. 




8, The stresses at B and C act in line BC, at ^ 


n line joining A 






0. iy+jw = SP. a. 352, 704 yards. 


7. 2f.S.S- 


8. 144 ft., 3 sees., Z and 4 sees. 


la 4f.5. 
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WOOLWICH ENTRANCE EXAMINATION. 



VI. Puke Mathematics. 
3. jC30. 4. 496i{ miles, H l^not. 

6. 2-30158, '43429. 7. a-gltuois. 

S. A circle, with the perpendicular from the focus on the tangent a 

diametei. 
9. (f COS/4 - *)ii: + f sin /( .j'=o, A being taken as origin and AB as axi 

vlx. 

11. Taking as axes AB and the perpendicular from P on AB, the centr 

is (c, o), and the asymptotes are x-=c, y-a. 
U. (L)z; (iu) 3. 

VII. Mechanics. 
1. 9'6 lbs. making 37° with AB. 



6. 330 (I. -tons. 7. 7 : t8. ». lan-' **'^"> with AB. 
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ANSWERS. 








JUNE, 1898. 








II. Arithmetic 






Ji- a. 


42 sq. 


yds. 3. 3388 sq. yds. 


4. 


■oSsai?, 0075- 


■oo(6l. 6. 


£2S. 


s. T. 163S0, 455 yds. 


S. 


■ij. 


6 cwt. 3 qrs. 41 ibs, 


W. A,£6So;£,£sto; 


C,;f340. 


i6g. 




"■ 53.59.61,67,7 


,73 


79, 83. 89. 97- 


7:3- 




14. 37. 

III. Alcbbra. 






'-3- 




a. (i.)0; (U.) n + 


t+c 


.».S- 


ah^m-i 




6. (^^i)V-(?>- 


)dx 


+,^•=0. 




; (ii.) 


I. I; (in.) -SA. I- 






I= = aa68oo 


4[L- 


20160; 323, of which 72 


wiU be repelilions in 



amount, bul paid by different coins. 

■ w 

When » is divisible by 4 the coefficient - --, otherwise ~- 

rV. TRlGONOMETftY. 

Long hand, 510" or i^j small hand, 421° or ^. 

0°, 30°, 90°, 150°. 180°. S. ZOT+tan-'-. 

117". 7. 27*875- ». ii4-o6ayds. 

(i.) Uai-i-k + cd); (ii.) 'l(a + c-{-ii + 2d), where a, i, f, d are the 

distances of the points where the plane cnts the horizontai edges 
from the corners of the cube, and / is the length of the edge 
of the cube. 
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WOOLWICH ENTRANCE EXAMINATION. 

V. Statics and Dynamics. 
L 60°. 3. Q = xw, AD=\AB. S. I : 18. 4. 7 68 inches. 

5- The ne^hts are equallj' distant from the horuontal line ihroi^h the 

centre. The greatest weight = 

T. Acceleration = S. 

8. Acceleration, 2 f.s.s. ; tension, 15ft oz. ; pressures, I4i'i, 13U oz. 

>. AAer 4 seconds, it strikes the ground 512 ft. from the tower at an 

angle of 45°. 

10. 13 i.%. 

VI. PitRB Matmbhatks. 
*. W- If- 28 years. 6. 53° 47' 88" E. of N. 7. 4. 

(. I, z; x■>ry = ^, JT-j-^O. 

11. j: + a + J = o, 411, 4^ being the lateni recta. 

14. I'^tf*^ ) . The radius of curvature. 



VII. Mechanics. 
1. 1 lb., I'llS lbs., 45°. 4. Angle of inclination of Tod = tan ~ '^ 
•. Unaltered. 8. The particle projected in direction AT". 

m Whole work done by the man = Rh. 
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NOVEUBER, 1898. 

I. Part I. First Paper. 

1. 7i- . a. ^2. lis. lojrf. 3. 4i %. 

8. 11,24,39. 6. I25rt. B. j+i. 



lerm, -H;cm 


nmor diff., A- 


11. 34. 


la. 5'«»3I99- 


11. 


Part I. Sbcohd Papbr. 


8. J24 sq. yds. 


10. 972 cub. ft. 


III. 


Part I. Third Paper. 


I. 221". 


3. cosec-'J. 


a. - 300°. - 2io% - 1: 


!0°, -30°. 60°, 150°, 140°, and 330°. 



7. -8987153, 3'037O28o, 1-9811057. 8. 30. 

IV. Part II. First Paper. 

1. (i.).= ±2. ±j.^; ^ = ±3^±i;(ii.}..±3,> = 2,. = 2.^ = : 
(«-i)(3«-i)(3>t-0...(^T«-i) /^\"-' 

3. «T-i(a + |9). 4. 3-0505245 sq. ft. 
6, The liacus is 1 slraighC line parallel to SC. 

V. Part II. Second Paper. 

1. l6,aolbs. 8. ^£) = 4-S9'''- ■^'^=3"9'5i' 

4. 7^ inches from the 1 1 lbs. weigbl. 

8. W3=8-661ls., S\/7 = '3-"lbs. 8- 45°- 
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WOOLWICH ENTRANCE EXAMINATION. 

t. 180" -cos"'- to the direction of m 

8. |ff lb£.-wi. vertically upwiirds; when moving wirh uniTorm velocity 
forces Wlbs.-wt. 

10. II seconds. 

11. (n) 331 horizontal, - lo the centre ; (4) o, ''- to the centre. 
13. n^<4^(4 + i(). 

VI. Part III. First Taper. 
S. The asymptotes are parallel to AB, AC bisecting the perpendiculars 

from OoaAB, AC. 
i. iofis- a^3)(iiX-a^j') - ai{afCf-agCf] + i,{6^3-ij:,) and two amilar 

equations. 

N/l-e'cosV' 



10. 



VII. Part III. Sbcond Paper. 

*. ZX-}r = 0. T. — 

8. Tension at A = i wt, of board+ - . "„, where tV=viu of sphen 
an<l^ the perpendicular from its point of contact to side SC. 
10. ■■*"'-"' . u. 5" . „. 
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ANSWERS. 

JUNE, 1899- 

I. Part I. First Paper, 
1. 4^. 3. 8j. 5ii, zi %. 3. 2o8J, 5 ft. 5-03 in. 

4. 24mm. 7. x{A:i-3)i'- 3)1^ + 3^ + 9)- 8- I4i, "and -174. 

»■ i-'-hH-i; looi, iM). 

10. 3430 is 4th term G.P., 3475 "s 496th term A.P. ; ±r-^ ,■ 

11. 9, IS- 

II. Part I. Second Paper. 

1. A rectangle. S. a : i. B. I3f in. 

8. 9, 27 sq. mches; 3, 6, 12 and 15 sq, inches. fl. 785 cub. in. 



Vi^J- 



III. Part I. Third Paper. 

1- 433.380 miles. a. 2. a. 70°, 160°, 250°, 340°. 

6. Acuiei, J, t: obluset, -J, -|. 8. ^. ^■ 

7. 2! I. I =3, 3:2. 8. ^, 95° 9' 37"; f, 64° 15' 23". 
9. 77,6i3,7oo,ooo.«».«w. 

10. (i.) ai = I, (ii.) a6 = x, (iii.) a^lf, where a, b are [he given numbers. 

IV. Part II. First Paper. 

1. aix^ + 2[a + c)bx + (a + cf = a. 4. 9:2. fl. 86 '4307 ft. 

V. Part II. Second Paper. 
1, tV. 8. 2-68 inches from A. *. 6 lbs. 

«. ^2: I. 7. r._^3. . ». I J lbs. 

10. 5376- "■ \/^ = f29f-s- la. fr. 



VV3" 
W.P. 
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WOOUVICU ENTRANCE EXAMINATION 
VI. Part III, First Papbb. 



4. ■ 3- 8. {l+«fl){f-V}^)-a(x+my) = o. 13. 4^. 

Vll. Part III. Second Paper. 
3. The angle lies between 0° and 6q°. 3. 6i+7_>'= ii, 4i. 

5. CI. (l - l), radius I ; the origin and the pi. - /[, ^f. 

a. >=±(.i:+lt. 7. (<r'-i^iS + ay = o'(a'-^). 8. 6. 

S. If W, S, C be the comers at which the tensions i, 2, 3 act respectively, 
theweight must he placed at the mid. pt. nXCD, vi\ieKAD = 2DB. 

10. iff. 11. a/^ seconds. 13. j . I' i!!! * . ,g. 



p:h»Google 



NOVEMBER, 1899. 

I. Part I, First Fapbk. 
£3.6!.8d. a. £yx>- 



B. zomiles. 6. t6, la T. j^-ixjr + 35. 

8- (L)i3:(ii-)3. -'*■ »- * = o + A,^ = a-*. 

u. 325, 9. U. 225. U. 70, 4. 

II. Part I, Sbcond Paper. 

>. 3 ; I. B. 14 inches. S. iCQ = $QD; 5 : 16 and 3 : 16. 

». iS ft., 105 cub. fi. 10. 4 sq. fl. 64 in., 1280 ctilj. in. 

III. Part I. Third Paper. 

8. -I, -i, -i-A2n + l)j8o°-l>. B. 4ft.S7in- 



7. 20° 36' 35", 53° f 48", 106° 15' 37". 

8. i3i miles, 13° 6' 33° west of north. 
10. {i.) 3-48429, (ii.) --283211. 



IV. Part II. First Papkr. 

i [ii.) -j(**-4a^c + 4a*W-H2iiM-4«»^). 



:2 cub. inches. 






V. I'ABT II. Second Paper. 

1. 3,4 c, atling parallel to -^C at £>, where BD = 2AD. i 

!■ 8-33, 6-01 lbs. ; 33* 40' to hoiiiontai. 

4. 3 lbs. acting downvrarda, 6 ft. 0, ij, 5 in. 7. - 3 c.a 

g. AC heights 64, 96, 96, 64, o (t., greatest he^ht, 100 ft. ; 40 

9. (i.) 15 gi5.-w(. ; (iL) 60* Co the downward drawn vertical. 

10. 7 lbs., 32 f.s.s. 12. 3072 f.s., -007445 f.s.s 
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WOOLWICH ENTRANCE EXAMINATION. 

vr. Part III. First Papbr. 

A hyperbola. 3. J- + >^- iax — .^ + 3' = o. 

2ax-i{b-c)y = i;^-¥bc-l^. t. A parabola. 
WSlta...,. 9. ^-I'-fJ-Z'!:. 

VII. Part III. Second Paper. 
IfJk^-ai ih , , , ; . 

_?T . a;. If from the end of the ladder a Ibe be drawn making the 
angle of frictioD with Ihe vertical and meeting (he vertical through 
the C.G. of the Udder in A, the line joining A to the point of 
support is the direction of the force. 
6 ; I, « = i- 10. 2a', w ; \r above the centre. 

a,. „. .|(n-^H.-».-t>>'l-ru-r>.)i 

* ^ (l-r)(l + HHl-^) 



p:h»Google 



JUNE, 1900. 
I. PART I. First Papbr. 
1. 1-6, 01 J. a. ^30, i£66. ly. 4rf. 8. ^18.51. 

4. I ft. 2 in. 6. iz per cent. 

5. 4i and 6 kilometres per hour. 7. I4j'-8ij; + 22. 



8. 0.)7; (ii-)- 






2(f + a)- 



1^111 = '^^' (15)* 



II. PART I. Sbcond Paper. 

3. The mid-point. 7. Make the angle ABP= the angle C. 

5. 39 inches. 9. 1336 sq. incites. 10. 93675 cu. metres. 

III. PART I. Third Paper. 

15°. 15'. ir- 

Sinei — , tangent ±—, cotangent ± ™, cosecant*-^ secant--^' 
52 ft. 4. a«T + |. B. -y' + jA-Kcos^+F". 

(1.) 27-0063 sq. ft.; (ii.) 5-10626 ft. 8. 54° 37' 34° 

■3010300, 2-3025851, -6931471. 10. (i.)2; (ij.)43i (iii.)43- 

IV. PART II. First Paper. 

1. V-U, (H-l)l.-(»-2)«, ^{(»-l)l'-(«-3)«|. 

». /(/ + ?}(j» + 2?)...(/+7^)j:'-'-r|r-J. 

6. {i.)447'87 links; (ii) 122-235 links. 

8. 684-233 sq. inches. 9. 2. 



D,g,t,7P:hy Google 



WOOLWICH ENTRANCE -EXAMINATION. 

V. PART ir. Second Papeb. 

1. *sinfl. 3. 34-8 lbs. s. SJ lbs. 

4. »'sin(4S°±a). fl. S&i lbs. 6. '^ of length of side. 

VI. PART III. First Papbr. 

8. ^. 4. ?s/3, 5- 10. Stable. 

U. 30 miles an hour. 12. 5^. 

VII. PART III. Sbcond Papbr. 

0. ;(^+y-M(x+^)+a» = o;isin-'iand^-isin-'|. 

T. i'x+fl^tanfl = o. 9. 7 at angle a with line joining mm'. 

10. 10 lbs., 1} lbs. 

11. (i.) 4gl; (ii.) ^^/veitical, ^Vj;^ at an angle tan~'3 to the veiticBl. 
13. A parabok. 
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NOVEMBER, 190a 

I. I'ART I. First Paper. 
1. agf. 3. -28845. S- UA^ acres, ^149- i9i-iiW 

4. ;£ll6. 13J. 6d. B. 6-3, 3I'S seconds. B. 721. 

.. o,,„- = W. •• ^iSS^ 

1.. J~lt. 

13. 

When .r = 10, value = ■ojgS'M' 

II. PART I. Second Paper. 

3. 100°. 3. 5 '3, 1 7 inches. T. The tangent from O to the circle. 
8. 156 sq. ft. 9. 2 r. 10. 1S6 lbs. 

III. PART I. Third Paper. 

1. 2o6z64'8 seconds. 3. «ir + (-i)"T. S. i j ix>°. 

4. 45°. 6. aicsi.na.-TlfJs{s-a)(!-i){s-c). 
B. -150°, -I. 7. 8i-488sft. 

B. csinA.-Ja^-^smU. B. (i.) 4 i (ii) -4- 10. r6(j8. 

IV. PART II. First Paper. 

1. {x-Vy){y + s){e + x). 3. Between -3and - 2, o and I, 1 and 2. 

5. 3J04 ft 8. A straight Ibe. 

V. PART II. Second Paper. 

5. S-aibs.-wl. 4. 7lbs.-wt.,9lbs.-wt. 5. 4-761bs.-wt. 

6. 69 lbs. -wt., 30 lbs. 7. 2-07 ft. pet sec 9. kg,itng. 

10. {s/65 Ibs.-wt. acting at an angle tan~'S with the ditection of motioa ; 

9 = 7. 

11. 29-3 fi. before. 13. aJ^-^- . 
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fVOOLWlCH ENTRANCE EXAMINATION. 



VI. PART III. First Papbr. 
3. A hyperbola with the given points as foci. 
^sing-gsinu ?cosu-/cos^ 
sin(|S-a) ' sin{^-a) " 

6. 90° - a with Oj ; 
(j-co5n+/sina)ifainncosiH-y(siii»a-z)} + tBina 

2(/cos«~^sina) 

(/sin a +j-cosaK/5b ° cos . +j-lcos'a - 2)} + f COS a 

lU-sina-Zcosa) 

7. (i.)(flj:=' + iy- :)(!!/" + V-:) = {fliW( + ii!J'-")'; 

(ii.) 4B*(a/'+V-0 = !"*(>' + ?') -{i + *)'i>an'". and 11?'^ + V>'- 

Jfa'sinP 
B. — j =^ 10. II, o. II. 60 miles an hour. 

18. 39144 in., 85300-. 

VII. Part III. Second Paper. 
B. The SI. line3i-iij' = o. 

6. x-k + (.y-k)^3.nll = o. 
». (i.)m'>™{^na + ,iCOSo). 
(ii.)».(5ina-^cos«)>m; 

accelerations — - — r^ -g, — r-^ g- 

10. 2640 Ibs.-wt., 488000 ft.'lbs. 
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